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The Conklingville Reservoir Project and the ‘'%°¢ ‘tem the general appropriations of rate of 

P G : S * h S . Geological Survey In the popular demand is subject to control thre 

ermanent aging tation on the acan for stream-flow data for use in the design of gation and proper management 
daga River Near Hadley, =e power developments in the east became so great INVESTIGATIONS BY NEW YORK 

By C. C. COVERT,+ Assoc. M. Am. Soc. C. E., and D. R that Congress made specific appropriations for WATER SUPPLY COMMISSION.—N« 
COOPER,{ Asso M. Am. Soe. C. E the work and the Water Resources Branch was State, as well as severa »ther 

The U. S. Geological Survey, in cooperation organized District offices were established and has cre by law a St 
with the New York State Water Supply Com- investigations were carried on in cooperation j 
mission, has recently completed the installation With various states On account of the limited 


ind equipment of a permanent stream-gaging funds available, it considered advisable to 
the Sacandaga River near Hadley, establish stations only on streams of the 


Ion on 


s greatest 
Some of the features of the station con importance and the data so gathered have been 
comparatively new departures in stream- used, not only for the streams on which they wer: 
methods, and it is therefore thought that »btained, but 


as basic data for estimating tl 

account the instalation and equipment of flow of similar streams The investigations ha 
the station, the methods employed, and the cost gradually been extended to include a number 
of the equipment and work, will be of interest t. he smaller streams 


ngineer 1 others having to do with stream The velopment of « 


Fig. 1. Before Removing Boulders. Fig. 2 After Removing Boulders 
VIEWS OF SACANDAGA RIVER AT SITE OF GAGING STATION. 


gaging methods and stream-flow records. At increased demand for power for manufacturing possibilities for immense reservoirs In 
the same time some information will be given and domestic purposes, the increased population that they may economically designed, 
regarding the cooperation of the United States of the country and the resultant increase in necessary t yreat accuracy in the 
and the State of New York in stream-gaging valuation of property subject to flood damages mulation of innual run- 
work, and also a brief description of the Conk- from our larger streams, have given a more im- off of 
lingville dam and storage-reservoir project portant aspect to the present and future prob- In 1907 the Water Supply Commission started 

STREAM-GAGING BY GEOLOGICAL SUR- lems of river 
VEY.—Since 1SS8 the U. S. Geological Survey 


tne treal l i ( ideration 


hydraulics In recent times the ictive cooperative or V l he Water Re 
problem is not simply the development of the sources Branch f reological Survey 
has been accumulating data regarding the dis- individual plant that it may approximately util establis} 

charge of the most important streams through- ize the ordinary flow of the stream, but the pos eral 

out the United States. This work was started sibility for the 


primarily in connection with irrigation studies in 


development of a greater num studied, 


ber of plants of higher efficiency and the prac ‘ther records 
the arid west. The funds were originally ob- tically complete control of the total discharg¢ work was started in New 
*Published by permission of the Director of the U. S Under these conditions, water as a _ natural CONKLINGVILLE PROJEC 
Geological Survey and the New York State Water Supply 
Commission. : : Pare sige s . cnt - si can 
+District Engineer, Water Resources Branch, U. 8S fluence in the future up-building of this country Water Supply ymmission’s 
Geological Survey, Albany, N. Y than it has had in the past The water-suppls what is known as 
tEngineer-Secretary to New York State Water Supply . . t} ce > 
Commission, Albany, N. Y. like the winds, is continually renewed, only its he Sacandaga Ri\ 


resource is destined to have even a greater in most promising opportunit 
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Would impound from 30,000,000,000 to 40,000,- 


(MM HOO cu. ft. of 


irable when more extensive stream-flow records 


ire available In connection with this dam 


f about 200 ft. would make _ possible 


power development of from 30,000 to 35,000 con- 


nuous horsepower by means of a pressure tun 


ise of the stored water would also result in 


Htudson River below this point, the total fall 


from the tail-race of the proposed power-house 


tidewater at Troy being about 55) ft., 


Which about 380 ft. of working head is developed 





EXPLANATORY 7 
Isohyetal Lines shown Thus ————— 
Boundories of Adirondack St <= 
Stream Gaging Stations thus @: 





FIG. 3. GENERAL MAP OF SACANDAGA RIVER DRAINAGE AREA. 


t the present time. The proposed storage reser- 
vior is estimated to cost about $4,500,000. 

SACANDAGA WATERSHED.—The Sacan- 
daga River is the principal tributary to the 
upper Hudson River, having a catchment area 
of 1,064 square miles and emptying into the 
ifudson River at Hadley, N. Y., about 50 miles 
north of Albany. It drains the southeastern por- 
tion of the Adirondack Mountain region and 60 
or 70% of the tributary drainage area is wooded. 
The surfaces of lakes and ponds comprise ap- 
proximately 2% of the area, and in addition to 
numerous swamps of less extent, there are on 
the watershed two large swamps having areas 
of several thousand acres, one of which occupies 
the bottom of an ancient lake bed in what is 
known as “The Big Vlaie,”’ south of Northville, 
N. Y. The surface elevations range from 3,250 
‘t. above sea level at the crest of the water- 
shed on Hamilton Mt. to 540 ft. at the mouth 
of the river just below Hadley. 


f 
1 


RAINFALL.—The combined snow and rain- 


fall varies from a yearly maximum, minimum 
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the narrow valley in the vicinity of Conkling- 


ville, about seven miles by river from the mouth, precipitation, 


upper por- 
Water, aS may be found de- catchment 
minimum 
respectively, 
precipitation, 


exhaustive available 


ibout two miles long, which would include 
fall of the main portion of the rapids in the 
er below the dam site in addition to the head 
reated by the construction of the dam. The 


precipitation 
catchment 
ins., aS compared with 3S ins. for the entire State 

TEMPORARY 


GAGGING STATIONS.- 


high degree of regulation of the flow in the established 


Sacandaga, 
Northville 
Branch, and one near 


ot 





Scale of Miles 


additional 


established of the river 


near the 


at Whitehouse. standard 
observations have been made twice each day by 
account of local 
it has been impossible to obtain an accurate con- 
tinuous estimate of the discharge at any one of 
least reliable 
those obtained during the high-water stages of 
the run-off of 
this time log and ice 
at various points and they have in- 
back-water 
during the 


observers. conditions 


resultant 
cumulated 


conditions 

critical period. 
observations, 
morning and one at night, do not truly indicate 
during the entire 
may easily 
the absolute maximum dis- 
period during which this maxi- 
order to overcome these 


fluctuations 
that they 
leading in 
charge and 
maintains. 
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difficulties a careful study of the situation was 
made, covering a period of two years, with a 
view to locating a place which would be free 
from back-water conditions during the floods 
and which would offer more favorable conditions 
for gaging the flow at all stages. In the study 
of this problem due consideration was given to 
the future value of the station in determining 
the volume of water to be released from the pro- 
posed reservoir and in obtaining data for its de- 
sign and construction. 

PERMANENT GAGING STATION.—It is de- 
sirable for a good gaging station to have a 
straight course and a permanent bed and one 
which is comparatively regular and smooth. 
About one-half mile above the mouth of the 
stream and six miles by river below the pro- 
posed dam at Conklingville, there is a fairly 
straight course nearly 1,000 ft. in length. The 
river bed throughout this section is typical of 
streams in the Adirondack Mts., being full of 
large boulders and coarse gravel. The slope is 
rather uniform but quite rapid, being about 30 
ft. to the mile. It was noticed that during the 
spring break-up very few logs lodged in this 
section of the river, never enough to cause 


back-water conditions. The current is swift 
enough so that during the winter practically no 
trouble is expected from ice. In general the 


conditions seem to afford the most favorable site 
for studying the continuous flow of the river. 
Continuous, as well as accurate, records of daily 
fluctuations are essential to a thorough study of 
the run-off of any drainage basin, these records 
to be supplemented by discharge measurements 
covering a range of stage the limits of which 
are the minimum and maximum gage heights. 
CLEARING CHANNEL.—At the location 
lected the natural conditions afforded a straight 
course but it was considered advisable to re- 
move the boulders and smooth off the cross sec- 
tion in order to avoid cross currents and to 


se- 


facilitate meter observations. This was accom- 
plished by the use of dynamite. The boulders 
were drilled and loaded by men wading in the 
river. Over 100 boulders were removed, rang- 
ing in size from a one-man stone to boulders 6 
and S ft. in diameter. These were shattered and 
the fragments were spread about in the chan- 
nel. The conditions of the stream bed before 
operations were begun is shown by Fig. 1. Fig. 2 
shows the improved channel. Subsequent to the 
date of this photograph (Fig. 2) the small ob- 
structions, which can be noted in the center of 
the channel, were removed, but photographs taken 
since that time did not develop satisfactorily. 
The pictures were taken at practically the same 
stage, the water was only about .15-ft. lower for 
Fig. 2 than for Fig. 1. 

The low-water width of the channel at this 
point is 200 ft. The bank on the right side is 
steep and rises about 50 ft. above the river bed; 
the left bank is comparatively low, being only 
about 2 ft. above high-water mark; both banks 
are more or less wooded and have a rough 
boulder exposure below high-water line. 

CABLEWAY EQUIPMENT.—In order to make 
measurements at all stages it was necessary to 
provide a suitable support for the hydrographer. 
This was accomplished by stretching across the 
stream a ™%-in. galvanized-wire rope, anchored 
on the right bank to a large tree whose base was 
at practically the elevation required for the 
cable. On the left bank local conditions made 
it necessary to provide an artificial support. 
Along this side of the river there passes a high- 
way leading from Hadley to Conklingville and 
points beyond. The distance between the edge 
of this highway and the top of the river bank 
is about 10 ft. The bank has an abrupt slope to 
low water. In order to afford sufficient clear- 
ance over the center of the channel during high 
water it was necessary to elevate this end of 
the cable about 15 ft. An A-shaped frame (see 
Fig. 4) was constructed out of 2 x 6-in. spruce, 
spiked two pieces together and spliced, making 
them 15 ft. in length. These were spaced center 
to center, 2 ft. at the top and 7 ft. at the bot- 
tom. Across the top two pieces of 2 x 6-in. 
plank were bolted supporting a 10-in. sheave 
through which the cable passes to a 1l-in. gal- 
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vanized-iron turnbuckle, having a 3-ft. takeup; 
this in turn is fastened to an anchor bolt in a 
concrete ‘“deadman” 4 3 x 3 ft., placed just 
below the surface of the ground and approxi- 
mately 15 ft. distant from the A-frame, which 
supports the cable. The A-frame has a 
bottom sill 6 6 ins. x §S ft. which rests on a 
concrete foundation to which it is fastened by 
three l-in. bolts It was necessary to place this 
foundation below the top of the bank on ac- 
count of the nearness of the highway. The A- 
frame is prevented from tipping forward by a 
guy wire leading from the top to the eye-bolt in 
the concrete “deadman.” A standard type car, 
designed by Mr. J. C. Stevens, formerly district 
engineer, U. S. Geological Survey, in charge of 
the Portland office, is used. (See Eng. News, 
May 6, 1909, p. 483.) This is supported upon 
the cable by 10-in. sheaves having roller bear- 





ings (see Fig. 5). By means of this equipment 
it is a comparatively easy matter to measure the 
flow at any and all stages 

CURRENT-METER MEASUREMENTS.—For 
the benefit of readers who may not be familiar 
with current-meter measurements it seems 
proper briefly to describe the methods’ used. 
The bridge or cable from which the measure- 
ments are made is marked off into sections vary- 
ing from 2 to 20 ft., depending upon the char- 
icter of the stream. The water surface is re- 
ferred to a gage or permanent reference point 
ind recorded. Soundings are then taken at each 
f the intervals. By numerous experiments it 
has been proved that the mean velocity in the 
vertical lies at a point approximately .6 of the 
total depth from the top, or that the average of 
two observations at .2 and .S of the depth from 
the top will give the mean velocity. Measure- 
ment of the velocity at .6 of the depth is called 
the “single-point” method, at .2 and .S8& of the 
depth the method. For depths 
greater than 1 ft. the latter is more accurate 


“two-point” 


ind has been adopted by the Survey. 


rent-meter discharge measurements. As stated 
before, it was considered advisable in this in- 
stance to provide for a continuous’ record 
Therefore, provision was made for the installa- 
tion of a recording gage with a suitable con- 
crete well and shelter. The soil along the banks 
of the river being of boulder hardpan, the work 
of excavation was extremely difficult. It was 
necessary at times to resort to blasting 
in order to remove boulders which were con 
tinually encountered during the excavation 
The well was dug 8 ft. sq. at the top and 15 ft 
deep. A concrete footing course 5 ft. sq. and 
6 ins. thick, was then put in the bottom Iron 
dowel pins 1 in. in diameter and 10 ins. long 
were imbedded in this and allowed to protrude 
ibout 4 ins. above the footing course; these were 
so located that they came in the center of the 


well walls. On top of this footing course a con- 


crete well was built 3 ft. sq., inside dimensions; 
the walls were 10 ins. thick at the bottom and 6 
ins. at the top. Near the top of the well three 
bolts were imbedded on two opposite sides and 
to these were fastened 4 x 4-in. hardwood 
strips 5 ft. in length which are used as a sup- 
port for the floor of the shelter. The shelter 
walls are 4 ins. thick and 6 ft. high A door 
was provided on one side with dimensions 5 

2 ft. This allows ready access to the gage and 
well. 

The concrete mixture was 4 to 1 for footing 
course and the well walls up to within 2 ft. of 
the ground surface. For the upper 2 ft. of the 
well walls and the shelter a 3 to 1 mixture was 
used. Around the top of the shelter walls anchor 
bolts were set for the purpose of securing the 
roof, which is made of a double course of 1-in 
boards, covered with galvanized sheet-iron. Two 
inch round holes were left on opposite sides near 
the roof for ventilation. 

A 4-in. cast-iron water pipe, 60 ft. in length, 
leads from the bottom of the well to the river 
The intake end of the pipe is protected by a fine 


spection of the gage and float at all times and 
also makes it possible to determine definite! 
whether the gage is making an accurate recor 
It is intended to install a hook gag n the bed 
plank in the well and to use the statior i 
place to make practical tests of recording 
gages. The time is not far distant when re rd 
ing gages will be considered a necessar idjunet 


to all important stream-gaging stations 
COST.—It is believed that some statement of 


costs in connection with this work will be of in 


terest to engineers who may have sim 

problems to contend with Bearing in mind that 
the soil was of boulder hardpan and that the 
stream channel Was unusually rough, the accom 


panying total may fairly be considered as 


maximum charge in connection with this kind o 
work The cost items, exclus of the recording 
gage are as follows 
earing Channel: 
Explosives 


Labor 


Sharpen 

















Ir g 
$215.80 
Cc Equipment: 
S{-in. galv.-iron cable cccee $14.38 
kles and iron work for car... 28.00 
clips and thimbles acnwees 2.20 
Lumber for A-frame and car. 6.06 
Cement for pier and dead-man 7.7 
Labor on pier, A-frame and erection 
of able 
Blacksmithing er me . 
Freight .... ae car 3.75 
Hardware ‘ ‘ ‘ . O85 
Incidentals nae 8.23 
144.49 
nd ike 
. S25.70 
e 27.70 
20.0) 
wi OF 
re 6 cwesew wa 47.04 
istruction of well and shelter. . 165.12 
rrr sakacia ; 11.15 
smith vox 3.85 
ardware . : wala 6.50 
sives . ‘ae ‘ 3.00 
‘identals eas en ; 5 19.93 
524.94 
Total gRQ5 ? 


The cost of a recording gage will amount to 





Fig. 4. A-Frame Anchorage, Gaging Car and 
Recording Gage. 


FIGS. 4 AND 5. VIEWS OF 


In taking the observations the center of the 
revolving cups is placed for each interval at the 
depth or depths above indicated and the number 
of revolutions is determined for a period rang- 
ing from 40 to 70 seconds by use of a stop watch 
and an electrical apparatus which records the 
revolutions. The meter having been previously 
rated by passing it through still water at various 
speeds, covering the range of velocities for 
which it is to be used, and a rating table having 
been developed, the velocity in the vertical under 
each division point is computed Given the total 
width of the stream, the depth in feet and the 
mean velocity in each vertical, the discharge of 
the stream is readily computed In making 
measurements by wading, the cable and weight 
ire dispensed with and the meter is attached 
directly to a steel rod, the method being other- 
wise the same. 

GAGE-RECORD EQUIPMENT. 
gage heights are of as much importance in ob- 
taining accurate continuous records as the cur- 


Frequent 


Shelter House for 


PERMANENT GAGING STATION ON SACANDAGA 


wire screen This pipe is about 2 ft. helow low 
water and as the bottom of the well is 12 ft. 
below ground surface it is believed the water in 
the well will never freeze However, should any 
trouble be experienced on this account, it may 
be overcome by use of oil in the gage well. The 
intake and the well are located on the left bank, 
about 380 ft. down-stream from the cable. 

The section of the river bed opposite this 
point was not changed, but was left rough in 
order to keep an open channel during the win- 
ter, if possible. On one side of the well three 
anchor bolts were fastened for use in securing a 
bed plank on which is placed a staff gage for 
checking observations on the recording gage. On 
the other side %-in. iron bolts, bent U shape, 
with square corners, were imbedded in the wall 
and spaced 18 ins. ec. to ¢., vertically, to form 
a ladder giving access to the bottom of the well 
This plan of construction is believed to be more 
desirable than the mere installation of a pipe 


for the float, as it permits of a thorough in- 


Fig. 5. Standard Gaging Car, U. S. Geological Survey, in Use. 


RIVER, NEAR HADLEY, N. Y. 


from $125 to $200, according to the type final 


ing 
determined upon Experiments are being con 
ducted with two types of gages at the present 
time. 

Considerable difficulty was experienced in kes 
ing water out of the excavation for the gage we 
ind in laying the pipe in the river bed On ac- 
count of a delay in securing supplies the work 
was not started until about the middle of Sep- 
tember and it was finished about Nov. 5 Un- 
doubtedly the cost would have been diminished 
f the work could have been done earlier in the 
summer when the weather conditions were mor 


favorable. Another condition which materia 
increased the cost was that local laborers wer 
not available 


The designing and construction of this equip- 
ment was done under the direction of the Dis- 
trict Engineer of the U. S. Geological Survey at 
Albany, N. Y. Mr. John J. Phelan, Junior En 
gineer, had personal charge of the construction 
work 
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Water-Power Plants and the Type Charac- 


teristic of Turbines. 
By N. BAASHUUS.* 


oy SN 


characteristic has discussed on 


several occasions in the columns of this journaly, 


been 


‘hiefly however from the standpoint of the tur- 
bine designer As this quantity seems to merit 
some further attention, the following application 
f it to entire water-power plants and various 
aarts thereof may be of interestt. ‘ 
Water-power plants always comprise two, but 

generally three lines of engineering, namely 
mechanical and electrical engineering It 

s given to only few to master all these lines, each 
f which is just as important as the other ones 
for obtaining a successful result out of the de 


elopment 

For those who are not conversant with the me- 
part (or more definitely, with turbines), 
writer idapted a method that might fairly 
them as to some, of the funda- 


hanical 
the has 
well guide it least, 
mental questions 

The two primary factors, quantity of 
head available, having been 
juestions about the turbines are 
tem and type, 


water and 
determined, the 
Selection of sys- 
of capacity, of revolutions per min- 
ute, and determination of space required for in- 


Stallation Even an approximate answer will be 


sufficient so far as preliminary projects are con- 


cerned, and to the latter only the following 
method is limited. 
Assuming an efficiency of the turbines of SO0%, 


the total capacity of the plant, HP,, is 

QxH 

Er, = —-— 
11 


water in cu. ft. 


given by: 


where Q quantity of 
und H effective head in ft. 

This total capacity in cases is subdivided 
into several units according to the purposes for 


per sec., 


most 


which the power plant is to be built. As a gen- 
eral rule the number of units should be kept as 
low as possible, as the cost is thereby reduced. 
But where water is scarce during the dry sea- 
son this principle cannot be maintained, becauss 
it would not be consistent with an economical 
utilization of the water. The reason for this is 
that the reduced quantity of water would have 
to be utilized in units running at partial load, un 
der which conditions the efficiency of most tur- 


bines drops considerably. 
the total 
for either 
a reserve unit. 
mind that have to 
which is more or less mixed 
matters, such as ice, branches, etc., 
need inspection and repairs. 


In subdividing 
should be 


capacity, provision 
or future 
For it must always 


water-turbines 


made immediate 
installation of 


be borne in 


utilize a medium 


with foreign 


ind therefore 


The two turbine systems now in use are the 
radial inward-flow turbine and the impulse 
wheel. The first one is generally used for heads 
between about 5 ft. and 500 ft. The second sys- 
tem is generally used for heads between about 
300 ft. and 3,000 ft. While there is no doubt as 
to the system proper for very low or very high 
heads, there is a certain intermediate range for 
which the most suitable system cannot he de- 
termined at once. This range is, as the above 
figures indicate, generally between 300 and 500 


ft., but in many cases it may extend beyond these 
figures. By means of the type characteristic Ke, 
turbines within this range can be determined. 
Let HP be the capacity of a single turbine unit, 
in horsepower; N the speed of the turbine in revo- 
lutions per minute; and H the effective head at 


the turbine casing, in feet; then combine these 
quantities to the following term 
‘ N {HP 
Le Sie oe j 
H Nv 


*Hydraulic and Mechanical Engineer, 187 Delaware 
Ave., Toronto, Ont 
+See ‘“‘A Comparison of American High-Speed Runners 





for Water Turbines,”’ by S. J. Zowski, Eng. News, Jan 
28, 1909, pp. 99-102; “Tests of a High-Efficiency High 
Speed Hydraulic Turbine Runner,’’ by E. Reichel, Eng 
News, Sept. 9, 1909, p. 286: “A Rational Method of De- 
termining the Principal Dimensions of Water-Turbine 
Runners,”’ by S. J. Zowski, Eng. News, Jan. 6, 1910, pp. 





90-24: and ‘‘The Type Characteristic of Impulse Wheels 
and Its Use Design,”” by S. J. Zowski, Eng. News, 
Feb. 10, 1910, pp. 165-168 

tThis article is based on an article by the author in 


“EBlektrotechnische Zeitschrift, 
siderable new matter 


1905, p. 961, and con- 


in which form it can easily be read off every 


slide-rule. 
In applying this term to turbines already built 
it will be found that the data of a radial inward- 


flow turbine give a high type characteristic, be- 
tween 10 and 100, while the data of an impulse 
wheel give a low figure, between 1 and 5, or even 


lower. Practically, the type characteristic will 
always be within these limits, no matter of what 
capacity, speed, head, size or design the turbine 


is. It must, however, be understood that where an 


through the turbine, it will be understood that the 
type characteristic is inherently related to the 
eficiency which can be expected from the turbine. 
In Table I, below, practically all different types 
of radial inward-flow turbine are represented by 
their type characteristics, and for each group is 
given the efficiency. 

A glance at the table-shows that the different 
types of radial inward-flow turbine are of differ- 
ent qualities. The low-speed turbines are very 


favorable as to efficiency over a wide range of 


TABLE I ‘LASSES OF RADIAL INWARD-FLOW TURBINE AND THEIR EFFICIENCIES 
rype Kt* Efficiency.¢ 

Low-speed turbine ..........ccccee0- 10 to 20 Maximum, 82% at % power; 76% at % power 
Medium-speed turbine............ 30 to 50 Maximum, 82% at % power; 75% at % power 
High-speed turbine ts tava arab aces pour ca ae Sta eer 60 to 80 Maximum, 80% at %°/i9 power; 70% at % power 
Very high-speed turbine......... 90 to 100 Maximum, 73% at %. power; 53% at % power 

*Kt refers to the maximum power of one runner only. In cases where the type characteristic is higher 
than 100, multiplex turbines have to be used 

yAt maximum power the efficiences are a few per cent. lower than the maximum efficiencies 

inward-flow turbine has more than one runner, o1 loads. However, they are practically limited to 


where an impulse wheel has more than one nozzle, 
the horsepower to be applied in the formula for the 
type characteristic is the power developed by one 
runner only, or one nozzle only. 

The type characteristic being derived from the 
fundamental laws of turbine design*, it follows 
that the application of this term leads to just as 
true results as do these themselves. 

An example will at show the practical 
value of the aforesaid. Suppose that preliminary 


laws 
once 





€ 


» 
no. New 


Fig. 1. Low-Speed Turbine; 
Kt = 10. 


FIGS. 1-3. 


investigations of a power site have shown an 
available effective head of 324 ft. and an available 
flow of about 310 cu. ft. per sec., then the total 
capacity is: 

324 x 310 

1] 

Of this amount about 100 HP. 
for exciters and lighting purposes, and there 
would be installed two exciter units of 100 HP. 
each, running at 550 r. p. m., one being a reserve 
unit. The remaining 9,000 HP. would be sub- 
divided into three units of 3,000 HP. each, run- 
ning at 500 r. p. m., with a fourth unit as a re- 
serve. 

With the above data we find the 
teristic of the main units to be: 


HP, 9100 


will be required 


type charac- 


500 | 3000 
k, =— 21 
310 V310 
Consequently in this case a turbine of the radial 
inward-flow system has to be used, as Ke is be- 
tween 10 and 100. 
Likewise for the exciter unit find: 


ss / 100 , 
K, = a —_—— 4.25 
310 17.6 
(‘onsequently an impulse wheel has to be used 


for driving the exciter generator, as its Kr is be- 
tween 1 and 5. 

But the to tell more 
about the turbines than merely their system. As 
will be seen the term contains only the two quan- 
tities speed and capacity for a certain head. But 
as these quantities determine the areas and angles 
of the turbine, and thereby again the losses which 


tvpe characteristic is able 


take place during the passage of the water 
*See ‘‘Zeitschrift des Vereines Deutscher Ingenieure,"’ 


1905, p. 93, and Eng. News, 1909—II., p. 99 


Fig. 2. Medium-Speed Tur- 
bine; Ke = 35. 
RUNNERS OF DIFFERENT TYPES OF RADIAL 


*hbines, i. 


high heads. 
favorable 


Medium-speed turbines are also very 
as to efficiency over a wide range of 
High-speed turbines are favorable as to 
efficiency at about 0.8 load, but show a marked 
decrease at about half load. The extreme high- 
speed turbines may in some cases be tolerable as 
to efficiency at about 0.9 load, but at about half 
load the efficiency is below the limit of rational 
utilization of the water. The use of such tur- 
bines is only justified for low heads, with a sup- 


loads. 





aA 
2 - X 
Fig. 3. High-Speed Turbine; 

Ke= 70. 


INWARD-FLOW TURBINE. 


ply of water ample in all seasons, and where the 
head remains rather constant. 

The differences of design of various types of 
radial inward-flow turbines are shown in the ac- 
companying illustrations, Figs. 1 to 3, which 
show sections through three runners of the same 
diameter. The low-speed turbine is characterized 
by small width at entrance and small diameter of 
draft-tube at exit; the illustration 
runner of a double turbine. The medium-speed 
turbine shows a considerable enlargement of 
width and draft-tube diameter. This enlargement 
is carried out still more in the case of the high- 
speed turbine. 


shown is the 


The figures of Table I are approximate, of 
course, and many turbines have been tested 
which gave better results. Also skilled turbine 


designers are able to slightly modify the location 


of the point of maximum efficiency. But as a 


common denominator of what can be expected 
from turbines of the many different makes 
(proper setting and installation being assumed), 


the figures of the table may satisfy the purposes 
of this article. In cases where the head is sub- 
ject to great variations, however, the question of 
selecting the most favorable type, or types, 
comes a very difficult matter, and an expert tur- 
bine engineer should be consulted. 

In selecting the type for a proposed turbine 
plant, the capacity and revolutions can be chosen 
in such a way that turbines of high efficiency are 
secured. In cases of low head, however, the tur- 
bines then would run too slow for most purposes, 
and necessitate too great This disad- 
vantage can be met by the use of multiplex tur- 
e. by keying several runners to the same 
For instance, a dynamo of 750 HP. and 
turbine under 
The type characteristic is 


bhe- 


expense. 


shaft. 


257 r. p. m., is to be driven by a 


36 ft. effective head. 
. 
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————— sense 


Kk, - \ SO. 


36 6 
This corresponds to a high-speed turbine. If, 
in the case of this development, water is scarce 
during the dry seasons, it is better to use a 
double turbine; the power of each runner being 
then only 375 HP., the type characteristic is: 


») 
i Orr 
<4 on 


ky — \ id 16.5 


36 6 
With this type the utilization of the water takes 
ice in a more economical way, as Table I indi- 
cates 
If the requirements as to efficiency are still 
higher, a quadruple turbine can be used. Its type 
characteristic in the present case would be: 


957 > e 


ad 1 1S7.5 
EK, =— ~ = 40, 
; 36 \ 6 
which represents an inward-flow turbine of the 
most favorable type as to efficiency. 

In the same way the type characteristic can also 
classify the different types of impulse wheels. In 
Table II practically all different types of this sys- 
tem are represented by their type characteristics, 
and for each type is given the efficiency. 

TABLE II.—IMPULSE WHEELS AND THEIR EFFI- 
CIENCIES. 
Ke = 1 2 3 4 5 
Efficiency at about % powert 80 79 78 77 


*Ke refers to the maximum power of one nozzle only. 
In cases where the type characteristic is between 5 and 
10, turbines with more nozzles than one have to be used. 
_+At maximum and half power the efficiencies are a 
few per cent. lower 

The figures of Table II are approximate in the 
same way as those of Table I. 

In order to secure a high number of revolutions 
at a desirable efficiency, or a high efficiency at a 
desirable number of revolutions, the jets of sev- 
eral nozzles can be arranged to act on one runner, 
and also several runners can be keyed to the same 
shaft. For instance, under 400-ft. head a turbine 
is to develop 1,300 HP. at an efficiency of not less 
than 78%. According to Table II a turbine with 
a type characteristic of about 3 has to be used. 
Then the number of revolutions with a single tur- 
bine is: 

: lH | 20 , 
N=K,.XH \ 3X 400 x \ —— = 150. 
1300 
If this is too slow, two nozzles can be arranged 
to supply the water to the runner. Each nozzle 
then supplies only half of 1,300 HP., and the cor- 
responding number of revolutions is: 
V 10 x V2 = 2Iz. 

With four nozzles acting on two runners the 

number of revolutions is: 

N 150 x V4 = 300, 
and with 6 nozzles acting on three (or even only 
on two) runners the number of revolutions will 
be: 

V 150 V6 367. 

Because K; is the same in all these cases, the 
efficiency will be practically the same (78%) for 
all of them, with proper setting, although the di- 
mensions and the number of revolutions differ 
very much. 


Determining Principal Dimensions. 

The above refers to the determination of the 
types only. The following method of determining 
the principal dimensions of turbines may in some 
cases be useful. 

Most firms have standard types of turbines. 
The different sizes of the same type have approx- 
imately the same angles and proportional areas, 
and therefore also the same type characteristic, 
no matter under what head they operate. All 
dimensions of these turbines can be expressed as 
functions of the diameter of the runner, and these 
functions are practically the same for all sizes of 
the same type. For instance, if the diameter of 
the runner of a certain turbine is 39 ins., and 
the diameter of its flume (casing) is S2 ins., then 
the diameter of the flume of a turbine with a run- 


32 
ner of 32 ins. is —— x S82 67 ins. In the same 
39 


way, if the length of the flume (casing) of the 
first turbine was 170 ins., the length in the second 


case would be 140 ins. But in a general way the 
Same can also be said concerning the construc- 
tions of inlet and discharge, the means for shut- 
ting off, and to some extent also concerning the 
means for regulation of the turbine, in other 
words for the whole turbine plant. Now, in books 
and reviews there are many detailed descriptions, 
with drawings to scale, of turbine plants. Each 
of these, for our purposes, can be considered as 
a certain size of a type of whole plants which is 
distinguished by its type characteristic, and th: 
other sizes of which are similar to that pattern, 
and can be obtained by linear enlargement 01 
diminution. 

If a turbine plant with turbines of a certain 
type characteristic Ke is proposed, then the de- 
scriptions of turbines of approximately the same 
type characteristic are to be looked up. If among 
these there is a plant which was built in the same 
Way as natural conditions dictate the new plant 
to be built, and if that plant has given satisfac- 
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zontal shafts, two runners per turbine, in steel 
oe 


casing, developing 1,250 HP. per unit (625 HP 
per runner), under an effective head of 3% ft., and 


il 
» 


running at 257 r. p. m. The type characteristic, 


t 


for a twin turbine, is 


250 1P50 


K.= \ Hb 
39 2X 6.25 

Next, turbines of the same construction and typ« 
characteristic are looked up in engineering liter 
ature and in past bids; we will suppose that the 
plant shown in Fig. 4+ is thus found. The type 
characteristic of its turbines is 64, which is clos« 
enough to the figure 66 computed for the turbine 
f the projected plant. 

The ratio between the sizes of these two tur- 


bines is: 
D, H N Bq 360 
— x 1.2 
dD, \ H N \ 53 257 


Consequently all dimensions of the turbines of 











xk 
r 
News 
« 70 >! 
Plan 
Fig. 4. Plant 1. Fig. 5. Plant 2. 
Effective head, H = 53 ft Effective head, H 39 ft 
Capacity per unit, HP = 1,300 HP. (2 runners) Capacity per unit, HP = 1,250 HP. (2 runners) 
Speed, N 360 r. p. m Speed, N 257 r. p. m 
360 / 1,300 57 250 
Type characteristi Kt yy ——— — it Type characteristic, Ke --— \ —— 66 
a3 aX tae 9 2 x 6.235 
De /39 ~=— 360 
Ratio of sizes =Vy—x- -—-12 
D; 53 257 


FIGS. 4-5. DETERMINATION OF DIMENSIONS OF A WATER-POWER PLANT FROM 
THOSE OF ANOTHER OF SAME TYPE CHARACTERISTIC. 


tory results, then it can be taken as starting 
point for the determination of the size of the new 
plant. Nothing more is required for this purpose, 
as mentioned above, than a knowledge of the 
ratio between the runners of the two plants. The 
dimensions of the runners will not always be 
known from these publications. But the follow- 
ing property of standardized turbines of the same 
type, namely that the diameters are proportional 
VH 
to the fraction ———, will always allow of the de- 
N 


termination of the ratio between the diameters 
without knowing the size of them. 
Some examples will explain the method. 
EXAMPLE.—We will suppose that the project 
is for a power-house with three turbines on hori- 


the new plant are 1.2 times the corresponding 
ones of the other (see Fig. 5). For instance, the 
floor space of the old turbines is 10 ft. by 23 ft 
6 ins. The floor space of the new turbines is 
1.2 x 10 ft. by 1.2 x 23 ft. 6 ins., or 12 ft. by 28 
ft. 5 ins. And if the size of the generators can 
be supposed to increase in approximately the 


same proportion, then the area of the power- 
house, which for the old plant is 50 ft TO ft 
3,000 sq. ft., will be increased to about 1.2 nO 


ft. by 1:2 x 7 ft. 60 ft. by S4 ft. 


This method of determining dimensions is of 


5,000 sq. ft 


course an approximate one, and it is therefore ad- 


visable to increase the obtained results some- 





what, in order to be on the safe i Also ex- 
aggerations should be avoided, such as attempt- 
ing to derive the dimensions of a 1,500-HP. tur 
bine from those of a turbine of 50 HP., or using 
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the dimensions of a 15-in. turbine for estimating 


the dimensions of an 80O-in. turbine. 

ESTIMATING THE WEIGHT OF A TUR- 
BINE,-—-Im_this connection it may, perhaps, be 
of some interest to deal with the preliminary 


determination of weights of turbines, even though 


only in a very approximate way. In the litera- 
ture of the subject, statements of weights will 
be found but rarely. However, all consulting 


engineers possess tenders which can be used for 
this purpose. 

If designed for the same head, turbines of the 
different sizes of a standardized series will have 
weights approximately proportional to a function 
of the ratio of diameters 


W D, 3 / Ds \3 
from ( ] up to ( — 
W, D, D, / 
D, 
The first value should be used where is 
D, 
D,; 


less than 1, and the second where is greater 


D, 
than 1. 
For different heads the weights of turbines of 
size are approximately in the propor- 


t} 


the Sanu 


tion: 


Ww H;\' 


W.\% 
from{ —— up to 
Hy 


W, Hy, 


The where — 


H, 


first value should be used 
H, 
less than 1, and the second where —— is greater 
a. 
than 1. 
EXAMPLE 1.—For instance, if we know the 
weight W, of a turbine of 1,000-HP. capacity run- 
ning at a speed of 300 r. p. m. under an effective 


head of 105 ft., then the weight W, of a turbine 
of the same type characteristic (28) developing 
750 HP. under 67.5 ft. effective head at 200 
r. p. m. can be figured out as follows: 
D lH N, | 67.5 300 
—— tek — x === 1.2 
dD, H N2 \ 105 200 
H» 67.5 
—- — = ().64 
H, 105 
W. = 1.23 x 40.64 W, = 1.3 Wi approx. 


EXAMPLE 2.—In another case the weight of a 
1,000-HP. 


turbine running at 300 r. p. m. under 
an effective head of 500 ft. is W,. Then the 
weight W, of a turbine of the same type char- 


acteristic (4), developing 1,500 HP. under 815 ft. 


effective head at a speed of 450 r. p. m. can be 
figured out as follows: 
D: S15 300 
\ — =(0.85 . 
D 500 450 
IT. S15 
- -=1.63, 
H, 00 


W. = .85? & V.85 W, = 1.1 Wi approx. 


As mentioned above, the method of determining 


the weights is a very approximate one. And 
where the known turbine and the turbine de- 
rived from it are very different as to size the 


method is not applicable at all. But, nevertheless, 

the method in some cases is able to give an ap- 

proximate idea to the weight. And as the 

prices are based upon the weights, it is also pos- 

sible to form an idea about the price of a proposed 
D, H, 

turbine. Where -are not very different 


D, H, 


prices simply proportional to 


as 


and 
from unity the 
the weights. 
As pointed 
the subject of 


nature and, 


are 


out above the 
this article are 
therefore, 


methods which are 
of an approximate 
they should be limited to 
proposals. The use of the methods 
certain stock of descriptions and 
water-power plants, which can be 


preliminary 
supposes a 


of 


drawings 





in books 


mind 


found and tenders. But it is 
to be that so-described 
plants are of special design owing to particular 
natural conditions of their site. Also it must be 
remembered that many a plant which shortly 
after being set in operation gave a good result 
may not have proved to be a lasting success. In 
spite of these limiting factors the above methods, 
when used with caution and judgment, may prove 
to be of use and may much time and 
correspondence. 


reviews, 


borne in many 


some Save 


a - 


Metheds of Taking Traffic Census on 
Highways.* 


BLANCHARD, 
PATTERSON, # 


ARTHUR H 
IRVING W 
inherent value statistics relative to traffic on 
trunk lines county main roads, obtained pre 
vious to construction, is recognized by all engineers who 
are familiar with the problems of modern highway en 


By 
and 
The 

state 


M 
Jun 


Am 
Am 


Soc. C. 


Soc. C. 


E., 
E 
of 


and 


gineering and who take into careful consideration the 
economics of the construction and maintenance of high 


ways. Various classifications of the traffic to which 
the above classes of highways are subjected have been 
proposed from time to time during the past few years, 
but the methods to be employed in securing a satisfac 
tory traffic census have not been made the subject of 
extended discussion in the technical press. 

The principles underlying the essential elements of 





any classification of traffic may be stated briefly as fol- 
(1 
and motor-car 
of 


drawn-vehicle 
each 
commercial 


lows: horsé 
traffic 


these classes 


differentiation between 
traffic; (2) a division of 
traffic into pleasure and 
traffic; (3) a subdivision of commercial traffic into 
loaded and unloaded (4) the determination of 
the weight per linear inch of width of tire of all types 
of commercial traffic, a factor of the utmost importance 
in the design of the substructure of the road; (5) a 
subdivision the two of horse-drawn-vehicle 
traffic dependent number of horses; (6) sub- 
division of pleasure motor-car traffic upon the basis of 
weight and speed, since in instances the greatest 
damage to an ary macadam road is caused by 
seven-seat touring cars, limousines or landaulets travel- 
ing at speeds of 40 to 60 mi. per hr; (7) provision for 
extraordinary character of local traffic—for example, in 
certain localities many saddle horses may use the public 
road; in others, traction hauling trailers may 
be common, while in others motor-bus traffic may be a 
regular and important feature; (8) final illustra- 
tion, special types commercial traffic, such ice 
wagons, mill may be influential features. 
As an integral part of the requisite investigation pre- 
liminary to economical and efficient design, other facts 
relative to traffic should be obtained; for example, 
the direction of the traffic, the portion of the road 
occupied various kinds traffic, the relationship 
between reduced grades incurring 
between and probable 
kind of the shoes horses at 
the year, the use non-skidding 
motorists and the enforced traffic regulations 
the use of the road, especially with reference 
tions upon and loads to be carried. 
connection with the preliminary investigations, an 
must always consider the change in the char 
amount of traffic that is liable to occur after 
the improvement of a road. The importance of an esti 


of 


vehicles; 


of 


classes 


upon the 


many 
ordi 





engines 


as a 
of 


etc 


as 
drays 


as, 
by of 
existing increased 
traffic, the 
seasons of 
by 


distance two points 


worn by 


of 


various 
devices employed 
governing 
to limita- 
speed 

In 
engineer 


acter and 





mate of probable traffic cannot be overemphasized. As 
an example may be cited the marked change in the 
character of the traffic resulting from the construction 
of a bituminous pavement on a trunk line between two 
towns in Rhode Island Two trunk lines have, been 
nearly completed between the two towns in question: 
one of ordinary macadam oiled at intervals during the 
summer, the other as described above. The route of 
ordinary macadam is three-fourths of a mile shorter 
than the new route, but, nevertheless, the longer route 


of a total of three miles is the more popular with the 
motorist for several which be designated 
as follows: (1) less opportunity of meeting horse-drawn 
vehicle traffic; (2) superior road from an 
standpoint; (3) better road surface There exist 
where the change in the character of or the unusual 
increase in traffic after the construction of a road ren- 
unwarranted the securing of comprehensive traffic 
data previous to construction. By the careful prelimin- 
ary investigation of such cases, the engineer will be able 
to determine the method to employed in order to 
secure the requisite traffic census data for the design 
the road. 

Before considering the 
traffic be 


reasons may 


esthetic 


eases 


ders 


be 


of 


methods by which the necessary 


census may obtained, various typical classifi- 


*A paper presented before Section D of the American 


Association for the Advancement of Science at the Min 





neapolis meeting, Dec. 29, 1910. 
+Professor, Department of Civil Engineering, Brown 
University, and Consulting Engineer. Providence, R. I 
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Engineer with A. H, Blanchard, Providence 


traffic and other details relative thereto which 
published during the past decade will be 
as a thorough study of the information thus pre 
will furnish food for thought 
problems. 

the 
factor 


cations of 


have 


been 
given, 
sented with 


in connection 


local 

Before recognition of the motor 
tant in highway traffic, the 
tions were published in this country. 


car 
following 


as 


an impor 
classifica- 


CLASSIFICATION USED BY THE OFFICE OF PUBLIC 
ROAD INQUIRIES. 


Loaded 1-horse wagon. 
Unloaded 1-horse wagon. 
Loaded 2-horse wagon. 
Unloaded 2-horse wagon. 
Loaded 4-horse wagon, 


Unloaded 4-horse wagon. 
l-horse pleasure vehicle. 
2-horse pleasure vehicle. 
Rubber-tired vehicle. 
Unharnessed horse or shod ox. 


Excessively heavy vehicle (such as carries ore, stone, 
brick, timber, etc.) 
Relative to the method of securing the volume and 


character of traffic, the following information is given: 
Less than a week’s record is unsatisfactory, and it is 


best that the record should cover as many seasons of 
the year as possible.”” The directions also call for each 
record to cover 24 consecutive hours 


Mr. A. N. Johnson, State Highway Engineer of Illinois, 
in 1906 employed a classification of horse-drawn-vehicle 
traffic based on a distinction between the traffic going 
towards important towns and traffic going from towns 
and a subdivision into loaded and unloaded vehicles. A 
further subdivision of the traffic was based upon the 
number of horses employed. He stated: 


In winter the traffic was recorded during the daylight 


hours, in other seasons of the year from 6 a. m, to 6 
p. m. The days were so selected that if the first count 
came on a Monday, the next would come on Tuesday 
of the following week, Wednesday of the next week, and 


so on. 
Since the advent 


have 


of the motor 
undergone 


ear, the traffic 
a transformation. One 
which has been 
proposed the new 
includes 


classi- 
of the 
noted is the pre- 

Road Board of 
the following list 


fications 
most comprehensive 
liminary form 
England. The 
of vehicles: 


by 
classification 


CLASSIFICATION THE BRITISH 
Tramears (electric, steam or horse). 
Motor Vehicles: 
Ordinary motor cars 
Motor omnibuses. 
Motor delivery vans 
Heavy motor lorries. 
Tractors or traction engines (trailers are to be counted 
as additional vehicles, e. g., a traction engine with 
two trailers would be entered as 3), 
Motor bicycles and tricycles. 
Any other motor vehicles not 
above heads. 
Horse-drawn Vehicles: 
Omnibus (including public service and hotel). 
Two-wheeled vehicles (one horse). 
Two-wheeled vehicles (two horses or more) 
Four-wheeled vehicles (one horse). 
Four-wheeled vehicles (two horses or more) 
Other Traffic: 
Ordinary bicycles and tricycles. 
Herds of cattle (if more than 5 
tered as 1 
Flock of sheep and 
to be entered as 1 
Horses (led or ridden). 


OF ROAD BOARD. 


(including cabs). 


included in any of the 


in number) to be en- 


pigs (if more than 5 in number) 


In the United States the following classifications have 
appeared either in reports or in the technical press: 


Loaded 1-horse wagon, 
Unloaded 1-horse wagon, 
Loaded 2-horse wagon. 
Unloaded 2-horse wagon. 
Loaded 4-horse wagon. 
Unloaded 4-horse wagon 
One-horse pleasure vehicle. 
Two-horse pleasure vehicle. 
Motor cycle. 


Saddle horse. 

Excessively heavy vehicle 

(such as carry ore, stone, 
timber, machinery, etc.) 

Motor runabout. 

Motor touring car, 

Loaded motor dray, 

Unloaded motor dray 


Less than a week’s record is unsatisfactory, and it is 


best that a record should cover as many seasons of the 
year as possible. 

The classification employed by the State Highway 
Commission of Massachusetts in 1909 was as follows: 


MASSACHUSETTS STATE HIGHWAY COMMISSION 


Single horse, light vehicles. 

Single horse, heavy vehicles 

Two or more horses, light vehicles. 
Two or more horses, heavy vehicles. 
Automobiles, touring cars. 
Automobiles, runabouts. 


Light vehicle covers buggies, democrat wagons, or any 
other vehicle used for pleasure or light business pur- 
poses; heavy vehicle designates farming wagons, milk 
wagons, tip carts, grocery or provision wagons, or any 
other vehicles except autos which are used for carrying 
heavy loads. 


The Massachusetts traffic census was taken in two- 
hour periods consecutively from 7 a. m. to 9 p. m. Two 
sets of observations were made, one covering a week in 
August, the other a week in October. 

In 1909 the New York State Highway Commission had 
a traffic census taken upon the county highways built 
by state aid at four different periods. A traffic census 
was also taken in 1909 on state and county roads which 
would probably be built in 1910. The classification 


adopted was as follows, relative weights being given 
to different types of traffic: 
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NEW YORK STATE HIGHWAY COMMISSION 


Horse-drawn Vehicle, Relative Weight 








Horse, without vehicle...... 1 
One-horse vehicle, light.... ee eae aaen 2 
One-horse vehicle, heavy............. 3 
Two-horse vehicle, light. 3 


Two-horse vehicle, heavy............. 
Three-horse vehicle, hcavy.... 
Four-horse vehicle, heavy.... 

Motor Vehicles: 
BEE BECO 6 doce os 
Two-passenger car 
Three-passenger car 
Four-passenger car 
Five-passenger car 





IE ORE 5 540s b-at-0 Wee Reames 6 
OT OD GO oo dn ccalds cetacean dieees 7 
Freight trucks, omnibuses, etc............. 10 


Miscellaneou 
Traction engine paren ae ata 15 
Two-traction engine .......... ete 30 
Miscellaneous heavy tratfic...... ‘ peak > upward 
The records were made by multiplying the traffic unit 
by relative weights and noting the two subdivisions, horse 
and motor. 








The classification employed by the Rhode Island State 
Board of Public Roads during 1908 and 190% was as 
follows. 


RHODE ISLAND STATE BOARD OF PUBLIC ROADS 


Motor car traffic: 

Runabouts. 

Touring cars, four or five seats 

Touring cars, six or seven seat 
and landaulets. 

Motor cycles. 

Horse-drawn vehicle traffic: 

Commercial traffic 
One-horse wagon, loaded, iron tires 
One-horse wagon, loaded, rubber tires, 
One-horse wagon, unloaded, iron tires, 
One-horse wagon, unloaded, rubber tire 
Two-horse wagon, loaded, iron tires. 
Two-horse wagon, loaded, rubber tires. 
Two-horse wagon, unloaded, iron tires. 
Two-horse wagon, unloaded, rubber tires 
Other wagons, loaded, 
Other wagons, unloaded 

Pleasure vehicle traffic 
One-horse vehicle, iron tires 
One-horse vehicle, rubber tires 
Two-horse vehicle, iron tires. 
Two-horse vehicle, rubber tires 


including limousines 











ig the Use of Bitu- 
used in connection 


In a form covering ‘‘Data Concer! 






minous Materials in Road Surf ; 
with the work of the Special Committee of the American 
Society of Civil Engineers on ‘Bituminous Materials for 
fication was 





Road Construction’’ the following clas 
adopted 
AMERICAN SOCIETY OF CIVIL ENGINEERS 


Horse-Drawn Vehicle Traffic: 
One-horse vehicles. Motor rur 






out 





Two-horse vehicles. Motor tour ars (four or 
Three-horse vehicles. five seats). 

Four-horse vehicles. Motor touril cars (Six or 
Five-horse vehicles. seven sea's) including 
Six or more horse vehicles limousines or landaulets 

Motor-Vehicle Traffic: Motor wagons or drays 


Motor cycles. 


By means of columns a further division of the above 
asses of traffic is called for under the headings 
ty vehicles, loaded vehicles and passenger vehi 
A column is also provided for an estimate in pounds of 
the maximum load per inch of tire 





les 
res 





In the new form recently issued in connection with the 
work of the above-named Committee covering a ‘‘Report 


on Results of the Use of the Bituminous Materials in 
Road Constructior two set of records are called for 
one coveril the period from November to March, the 


other from April to October 

After the classification of the traffic has been adopted, 
the methods of securing traffic data must be considered 
before a final decision is reached. 





n many standpoints 





The method selected will be influenced by the amount 
of time at the disposal of the engineer and the character, 
amount and distribution of the traffic to which the road 
In case the location of the 


in question subjected 


roads to be built in a given period is known over a year 
advance of construction, a comprehensive plan cover 
ing observations throughout the year should be adopted 
in order to secure complete information In many 
stances, however, perhaps only a month will be availa- 
ble in which to make investigations preliminary to de- 
sign The above cases will be taken as the extremes 
ind methods will be discussed which are applicable to 
each In either case it is essential that as comple‘e 
nformation as possible should be secured relative to 
the nature of the traffic on any given road before a plan 
is adopted As the primary object of any traffic census 
» to secure data covering both normal and abnormal 
traffic of all classes, it is essential to incorporate in a 
plan definite provision for securing the above informa- 
zard selection 





tion rather than depending upon a haph¢ 
of days to furnish the facts. As an illustration of vary- 
ing local conditions may be cited: exceptional horse- 
drawn vehicle traffic, consisting of produce wagons, be- 
tween the hours of midnight and 6 a. m. during certain 
seasons of the year; market days, fair days and other 
special events in connection with which both pleasure 
and commercial traffic may be excessive; periodical 
heavy shipments by special industries using the road 
in hauling raw material or in shipping the manufactured 
irticle: through traffic at certain periods of the day, 
week or year as, for example, motor-car traffic between 
residential communities or summer colonies and cities 
After having obtained all the information of this nature 
it is possible to glean from local sources, the next step 
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is the cousideration o he most economical plans to be 
idopted in order to secure the essential data. 

As a specific illustration, a road in the northeastern 
part of the United States will be considered, presup 
posing at a year is available in which to make obser 


Vation inh many as¢ it iS essent 








ial to obtain the fol 
sowing: normal winter traffic, normal summer traffic 
and abnormal summer motor-car traffic It should be 
borne mind that from the standpoint of the proper 
design of the road, it is necessary to know approximately 
he total yearly traffic, which is a function of both the 
normal and the 








abnormal traff and also the amount 
of abnormal traffic of various types at different periods 
of the year. 

Three plans for taking a traffic census throughout the 
year coveri: he isual ynidition will be considered 
Two of these plans at once 





t themselves: (1) to 


take the traffic in periods of six or seven consecutive 





(2) to distribute the recording days through 
out a given season by starting on a given day of the 
week, fur example a Monday, then take the traffic on 
the Tuesday of the following week or at an interval o! 
lo days, and so on during the season. The merits of 
he two schemes will be considered from two standpoints, 
efficiency and economy 

With reierenve to the season between April and Oc- 
tober, the months of April, May, June, September and 
October May usui 
and August 1 





be considered as norma! while July 





generally cover the periods of exces 
ive motor-car traffic. The adoption of the first plan 
suggested would necessitate a minimum of one period 


yf six or seven days in the normal months and one 





period in one of the abnormal months, preferably in 
August it should be noted that both the normal and 
no Saturday and Sunday traffic are ascertained 
yy only one set of observations in each case. A sel 
evident and unsatisfactory result of this plan if only 
vo periods are to be taken If more than two period 


are advocated the expense entailed would be considered 


prohibitive fhe second plan is open to all the obje 





first and would prove more ex 
pensive provided enough days were used to secure a 


int of information 











i i 
\ i practical, economical and efficient plan the fo 
owing method proposed for adoption under aver: 
condition For the eason from April to October, in 
usive, the traffi hould be taken during four period 
of three days each; one period be.ng in April, May oi 
June, one in July, one \ugus n Septem 
ber or October A on ate, eith 
Friday, Saturday and Sunday, ind 
Monday ould be taken, thus rela 
ve ) e usual adnormal la motor and 
n some ises, to traf? above the week-day average on 
Saturday while the Friday or Monday traffic would 


give a fair indication of the normal week-day traffic 





It is that by th more reliable and essen 
tial facts ire secured relative to raffi than by the 
other methods considered From the standpoint of econ 





y the advantage lies entirely with the proposed 
method, especially if the lowest-paid members of the 


t sineering iep 





rtment are employed on this work 
Week-end tri involving the use of only 1% working 
days for the taking of the census during each period is 
tisfactory arrangement from the stand 
point of the economical use of office time 

In connection with this method it is of interest to 
note certain facts which have been ascertained relative 
to climatic conditions in the three-day periods consid 


a particularly sé 








ered The figures given are based on data furnished 
relative to Providence, and cover the years from 1905 to 
1909, inclusive In the periods of the season from April 
to October in the five years mentioned only one period 


of three ynsecutive rainy days occurred or, in other 





one such period oceurred in a total of 152 periods 
A period with two rainy days occurred once in 20 
periods, while a period with one rainy day occurred once 
in three periods Furthermore, with reference to ab 
normal motor-car traffic periods in July and August, 
there was, in the five years considered, no period with 
either three consecutive rainy days or a period with 
two rainy days, while a period with one rainy day 
occurred once in three periods. It is obvious, therefore, 
that climatic conditions are favorable to the adoption 
in proposed. 
the months from November to March, inclusive, two 
e-day periods would be taken in certain cases; one 
n November or December, the other in February or 
March This distribution of the periods would furnish 
statistics of the normal traffic in this season and would 
also afford opportunity for a study of traffic detail and 
the condition of the road during the winter season. 
Instead of having the results of a year’s observations 
upon which to base a design of a given highway, in 
many cases only a month will be available in which to 
This extreme 
ease will be discussed as a type of a short-period in 
vestigation Three plans will be considered: (1) a 
period of nine consecutive days, beginning with a Satur 
day and ending with a Sunday; (2) nipe days of observa 
tions, distributed as follows: Saturday, Sunday and Mon 
day of the first week, Tuesday of the second week 
Wednesday of the third, Thursday of the fourth, and 





make all the preliminary investigations 














Friday, Saturday and Sunday of the fifth week ) a 
plan of three-day periods, using € t o I 

day, Saturday and Sunday and two of Saturday, Sunday 
and Monday, one period in the first week, one in the 
third and one in the last week. It is obvious for the 
same reasons as in the “r compar 1 e ad 
vantage lies with the third method From the ind 
point of the Saturday and Sunday traff the third plan 
provides an average of three days fir ind cond 





an average of two days, without much opportunity for 
extra periods if the weather should 0 
ibnormal traffic day Although the first and second 
give more complete information relative to normal week 
day traffic, it is usually unnecessary to take traff ol 
more than six week days in order to secure satisfactory 
data relative to normal traffic in a given month 

As the relationship existing between the various 
ods considered and climatic conditions has an in 
tant bearing upon the f 





il selection of i pian the 





followi 





information is presented for consideration. The 
months which will usually be used for short-period ob- 
servations are from March to August, inclusive. The 
following data for the years 1905 to 1909, inclusive, has 


been ascertained relative to the first 





nine conse 





utive days in the middle o 
tioned In a total of 30 
one rainy day, 13 at least 














three rainy days and 1 period 
here were seven rainy iiny Saturday 

1 in two periods both a Saturday nd a Sunday were 
rainy Hence it is obvious that in order to secure 
verage of the traffic on two Saturday 7 i 
days, it will be necessary n approximately ye out 
every two case to take extra observations upon at} 
ormal days 

Fo the second method, in which obse« ) seek 
lays are distributed throughout the month, t follow 
ing data are interesting In a total of 30 combination 
2t ombinatior ontained at east one rainy day 15 
combinations at least two rainy days, ten at least three 
rainy days and three ymbination five rainy days It 
the 30 combinations there were 15 rainy Saturday ind 
13 rainy Sundays, and in 7 comb tions two Saturdays 
two Sundays, or one Saturday and one Sunday we 
rainy Here it is apparent that in 19 cases out of 30 it 


would be necessary to take extra observations in order 


o secure an average < he traffic ym two Saturday 











the third method, of three veriods of three day 
each, distr ted throughout the nth, in a total of 
20) combinatio of three periods, ontained at least 
one 1 day, ten contained at least two rainy days and 
three contained three rainy days In the 30 combina 


ions there were eleven rainy Saturdays and fifteen rainy 
Sundays, and in 7 ombinations two Saturdays, two 


Sundays or one Saturday and one 





inday were ra 














two referring to two rainy Saturday ind one to tv 
rainy Sundays In only three instances therefore, w 
it be necessary to take extra observations on Saturda 
yx Sundays to obtain the ive e of the traff on t 
Saturdays and two Sundays In 6 mbinations out of 
“0 one rainy Friday occurred, but in no case more than 
one rainy Friday 
In view of the facts presented in the abov 


the third method is preferable both from t 





of the data secured and economy of time 


secure an average of the traffic on the abnormal days, 





Saturday and Sunday 

The number of consecutive hours which should be 
taken during the day will depend upon local conditions 
and the period of the year when observations are made 
In many cases 24 hours will be absolutely necessary 


while in certain cases 12 or hours will be satisfactory 


The engineer who makes 





preliminary investigatio 


will ascertain the number of hours requisite It must 
be borne in mind that the facts ascertained are used as 
1 basis for an estimate of traffi ind hence minute de 


tail should not be obtained at unwarranted expense 


—————— a 


A NEW METHOD OF GROUTING IN QUICKSAND 














lescribed in ntralblatt der Bauverwaltung’’ of Feb 
11, 1911, by A. Wolfsholz A pipe larg o serve 
is cement injection tube is fitted at with an 
iuger point and a } cal screw b ve th 
blade several holes are drilled in the wall of tl pis 
fitted for discharging grout outward over the upper sur 
face of the blade This boring apparatu twisted 
down, if necessary with the help of jetting, by water 
pumped through the pipe. When it reaches the desired 
depth, grout is pumped into the pipe, and at the ne 
time the drill is turned backward so to withdraw it 
The grout flows out along face the blade, and 
} 


vecomes mingled with the layer of sand above by the r 





tation; the resulting mixture is passed by the turning of 


the screw blade to the space below, where 





in a cylindrical body corresponding to th 


through by the blade. When the drill is 
drawn, it may be sunk a 











1longs ition 
and thus a large mass of contiguou eylir 
ders of the consolidated sand can be formed pro 


cess is patented in Germany 
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The Ventilation of Long Railway Tunnels.* 
By RUDOLF HEINE. 

ng tunnels the increasing traffic adds to the 

f ventilation due to unfavorable natural 

But with light traffic, 

ventilation impeded by unfavorable 

curves and the position of the 


even comparatively 
may be 


conditions as to grades, 





Austrian 


grade tunnels 


State Railways there are many two- 
summit in the middle), and tun- 
grades and long curves. These tunnels 
retain the smoke and to remain damp, so that 


they are in unfavorable condition for operating the traffic 


(with a 
ne! with steep 


tend to 


and 


maintaining the track The Austrian Ministry of 
Railways therefore appointed a commission (in Septem- 
ber, 1907) to investigate the subject 


and to report upon 
in badly ventilated tunnels 





methods of improving the air 


as well as upon projects for the artificial ventilation of 
individual tunnels. The tunnels investigated had maxi- 
mum grades of 2 and 2.8%, or 3.5% in the tunnel of a 
rack railway. 


In the tunnel where natural 


filled 


ventilation was at its 
with smoke nearly 
unfavorable conditions of weather. 
track inspection and maintenance work then became very 
difficult, and there were frequent cases of illness among 
the men at work in the tunnel. As the freight trains 
tunnels with steep grades required extra loco- 
motives for hauling and pushing them, the crew of the 
suffered much from smoke and heat. Analyses 
of air collected in the tunnel and in the cab of the 


worst, the tunnel 


under 


were con- 


tinuously The 


iscending 


pusher 


pusher showed a carbonic-acid content of up to 0.46% 
and a carbonic-oxide content of up to 0.81% in the most 
important unfavorable months; in addition sulphurous 
acid was found in the tunnel. The temperature jn the 


cab often rose to YS.6° F.; in the 


tunnels it even 
in the summer months 
The most evident 
tions 
ducing 


Platten and Prebichl 
times to 133° and 140° F. 
id when there was no wind. 

measures for 


rose a few 


improving these condi- 
powerful locomotives and re- 
freight trains. This made it 
injurious slipping of the wheels 
and also to reduce the time taken in run- 
through the badly-ventilated tunnel. As regards 
the firing in such tunnels, the inquiries lead to the fol- 
results: 
(1) Coal cont 
badly-ventilated 


consisted in using 
the weight of the 
possible to reduce the 
in the tunnel 
ning 


iowing 


1ining sulphur should not be used in 


tunnels, but only coal of best quality 
and with a high hydrogen content; 
(2) Coke is quite unsuitable, as it burns with diffi- 


culty. The 
absent in 


conditions for 
a tunnel, 
oxide and of 


brisk, bright burning are 
o that large quantities of carbonic- 
hydrocarbons are produced; 

(3) Great expectations were raised by the introduction 





of oil fuel in badly-ventilated tunnels This gave fairly 
ree 
3 


B 


FIG. 2. 


BY THE SACCARDO SYSTEM. 


good results in the 


Ariberg tunnel, as no sulphurous acid 
and very little smoke are produced; if properly adjusted 


omplete combustion results Also, if a train has to 
stand still in the tunnel for some time, it is possible to 
top the combustion 


The disadvantages are the high temperature of the 
gases, by which the suffers, and the fact that 
without careful manipulation (particularly if there is an 
excess of oil) the normal course of combustion is in- 
terfered and the smoke conditions become worse 
(greater production of carbonic oxide) than if coal 
is used The tarry products which are deposited from 
the gases have a deleterious influence. 


crew 


with 


It was par- 
ticularly noticeable in the Arlberg tunnel, that rails, 
which had not been used for some time, became coated 
with a thick, dirty layer of such matter. This makes 


the rails very greasy, so that the wheels slip very much 


and it remains impossible for some time to haul heavy 
trains The improvements recently made in this sys- 
tem of firing lead to the expectation that it will con- 


tribute more towards the improvement of air conditions 


in tunnels in the future than it has hitherto done. 
Measures which have been tried for improving the con- 


*Abstract of a report on the 
and Operation of Lo: funnels, presented at the Inter- 
national Railway Congress, at Berne, Switzerland, in 
1910. Published in the November number of the ‘‘Bulle- 
tin’’ of the 

+Chief Engineer and Consultant of the Austrian Minis- 
try of Railways, Vienna, Austria 


Construction, Ventilation 





Congress 


SECTION SHOWING THE FANS, AIR CONDUITS AND AIR 
CHAMBERS FOR VENTILATING THE TAUERN TUNNEL (AUSTRIA). 


ditions under which the crews of the pushers work, in- 
clude the provision of compressed-air reservoirs to sup- 
ply fresh air in the cab, and of oxygen-breathing appa- 
ratus and smoke-protection helmets. Such 
however, met with but little success or else proved very 
difficult to carry out in practice On the other hand 
rather satisfactory results have been attained by drawing 
air from the bottom of the tunnel! and discharging it into 
the cab. The device used consists of a 
steam turbine and rotary blower. The suction head (be- 
low the axles) has perforated plates, between which is 
placed a filling of wood-wool soaked in milk of lime. The 
vertical pipe has a trumpet-shaped end just 
below the roof of the cab, so that the air is blown against 
the roof and deflected to both sides of the cab. 


These arrangements do not provide an effective 
remedy where the track men suffer and find it 
difficult to attend to their work. A complete im- 


measures, 


small Laval 


discharge 


it 
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Fig. 1. Diagram of the Saccardo System of Tunnel 


Ventilation. 


provement of these conditions can be obtained 
only by the introduction of electric traction, or 
the installation of a ventilating plant. Electric 
traction is proposed for the short section between 
Trieste and Opcina. A ventilating plant was 
built for the Tauern tunnel and is proposed for 
the Bukovo tunnel. 


Ventilating Plant of the Tauern Tunnel. 

The Tauern tunnel (5.3 miles, double-track), 
has an ascending grade of 1% for over three miles 
from the north portal, followed by descending 
grades of 0.33, 0.4 and 0.2%. In view of the long 
1% grade and the expected rapid increase in 
traffic it was decided to install a ventilating plant 
on the Sacecardo system, and to do this during 
the completion of the tunnel, when the work 
could be done more economically than after the 
tunnel was in service. The principle of this sys- 
tem (described in our is- 
Aug. 31, 1899) is 
shown in Fig. 1. Air from 
a fan or blower (A) is de- 
livered to an annular 
chamber (B) just inside 
the portal (C) and from 
this it escapes through 
a ring of nozzles (D) into 


sue of 


the tunnel. This __ pro- 
duces a current of air, 
While the injector action 


draws in fresh air through 
the portal. The sys- 
tem can be applied either 
for forcing air into or 
exhausting it from the tunnel. The former method 
is used more generally, and is used at the Tauern 
tunnel. 

In long tunnels, which (as in this case) 
lated only from one end, blowing in air 
more advantageous than drawing it out. 
of smoke it is advisable to blow in the direction against 
the trains running uphill. In this case the difference 
of pressure existing between the air in front and behind 
the train, producing a natural current between the train 
and the sides of the tunnel, will be reinforced by the 
artificial current, and the smoke will be driven back 
quickly behind the train. These conditions necessitated 
locating the plant at the south end of the tunnel, at 
which end also there was a hydro-electric plant of suffi- 


cient power, which had been built for the construction 
work. 


ean be venti- 
is technically 
For the removal 


In designing the ventilating plant the two following re- 
quirements were chiefly considered: (1) to 


renew and 
dry the air in the tunnel as soon 


as possible after the 
in order to protect the maintenance- 

(2) to avoid the injurious effect of smoke 
freight trains are ascending the long 1% 
grade, in order to protect the men on the trains. 

In the determination of the maximum power of this 
ventilation, mining experience and practice were taken 
as a basis, according to which the speed of moving air 
in shafts used by men (even if only occasionally) must 


passage of a train, 
of-way 
when 


forces; 


heavy 


not exceed 19 ft. 8 ins. per sec. As the Tauern 
has a clear cross-section of 473.63 sq 
responds to an 


tunnel 
ft. this speed cor- 
air supply of 565,000 cu. ft. per min. 
Investigations, however, led to the conclusion that under 
normal traffic conditions it will suffice if the ventilation 
plant produces an air current having a speed of 16 it. 
Oo ins. per and this corresponds to a supply of 
“470,770 cu. ft. per min. In order to utilize the natural 
current of air in the direction of the artificial ventila- 
tion and to produce a current having a speed not ex- 
ceeding the velocity of 19 ft. 8 ins. per sec., the plant 
had to be designed to suit various 


sec., 


intensities of traffic. 
It was decided to give a range of velocity from 9 ft. 10 
ins. to 19 ft. 8S ins. per sec., corresponding to about 
282,530 cu. ft. and 565,000 cu. ft. 
power will overcome a contrary wind of 9 ft. 10 ins. to 
13 ft. per sec., but natural currents of such strength 
will occur seldom and for a short time only. During 
such times the ventilators are stopped and the tunnel 
is left to natural ventilation. 

After the output of the ventilators had been settled, the 
next question to be considered was whether the quantity 
of air required should be supplied by several 
blowers The decisive factor is the pressure required. 
The, quantities of air required for the ventilation are not 
materially different for short and for long tunnels. In 
the former case, however, much less pressure is neces- 
sary. In order to ventilate smaller tunnels, it is ad- 
visable (taking the capital outlay into consideration) to 
use two smaller blowers working in parallel, as other- 
wise it would be necessary to use a very large blower 
running very slowly. Should one blower break down, the 
installation can still work at half power. In tunnels 
having a length exceeding 2.5 miles, working in parallel 
is no longer suitable. The ratio of quantity of air to 
pressure is then such that the use of one blower 
of suitable dimensions must be considered the best s0- 
lution. It is true that in the case of the Tauern tun- 
nel two blowers were installed; but only one will be used 
to do the work, while the other is held as a reserve. 

In order that the blower may give an output corre- 
sponding to the limits specified above, a power of 220 to 
1,100 HP. is required at the shaft. The large blowers 
are on the Capel! system. Each blower draws in air 
from both sides and the fan has a diameter of 18 ft. and 
a width of 6 ft. 6% ins. The aspirating towers on both 
sides of the fan casing extend to a height of 45 ft. 6 ins. 
above the axis of the fan, and the inlets have a cross- 
section of 47.47 sq. ft. each. Owing to the difficuit 
snow conditions which obtain in winter, it was neces- 
sary to protect the four inlets of the aspirating towers 
by a special roof, placed above the main roof, fitted with 
louvers on all sides. 


per min. The higher 


one or 


Alternating current at 5,500 volts was available 
at the power station, 3% miles distant. As the 





Fig: S. 
the Tauern Tunnel, 
the Ventilating System. 


Longitudinal Section at the South End of 
with the Air Chamber for 


speed of the fan is required to be adjustable 
between 100 and 200 r.p.m. this current is trans- 
formed to low-tension direct current for the mo- 
tors which directly connected to 
shaft. 

The air from the blowing fans is delivered to 
the annular air chamber at the tunnel through 
two conduits (one from each fan). Sections of 
these conduits and chamber are shown in Figs. 
2,3 and4. Formerly, it had been the usual prac- 
tice to construct the air chamber of sheet 
but this is subject to corrosion; 
also have had many corners, projections and 
stays, which form a resistance to the air and 
thus cause loss of pressure and reduction in ef- 
ficiency of the air jets. At the Tauern tunnel, 
the chamber and conduits are of reinforced con- 
crete, with no obstructions in the passage, and 
the surfaces are given a smooth coat of cement. 
The wrought iron nozzle has 17 and 
orifices, three of which are below rail level. 


are the fan 


iron, 
the chambers 


chambers 
the 


The upper parts of these orifices are made mov- 
able, as shown at (A) in Fig. 3, so that the cross 
This arrangement makes 
it possible to determine by experiment the best 


section can be varied. 








March 2, 1911. 


ENGINEERING NEWS. 





form to be given to the escaping annular stream 
of air, and to adjust the orifices for the greatest 
efficiency. To guide the air current more effec- 
tively, the cross section of the tunnel is reduced 
by a false roof of concrete, as at (B) in Figs. 3 
and 4. 

The total cost of the plant was about $176,800, 
this high cost being due to the duplicate equip- 
ment for reserve and to some difficulties in the 
construction. There is a full equipment of ap- 
paratus for measuring the flow and velocity of 





the air, and for analyzing samples of the tunnel 
air. The operating expenses (with two shifts 
of attendants) are estimated at $5,400 to $6,000 
per year under present conditions, and 6,900 to 
$7,350 per year when the heavy traffic conditions 
are realized. No figures are given as to the 
number of trains. 


General Conditions. 

rhe power required, measured at the shaft of the 
blower amounts to to 680 HP. under normal con 
ditions and to 1,100 HP. as a maximum The Saccardo 
ventilating plant at the St. Gothard tunnel* requires 70U 
to SOO HP.; that at the Kaiser-Wilhelm tunnel (1 ; 
ft.), 220 to 250 HP., and 120 HP. at each of the two 
maller steep tunnels in Upper Italy, the Pracchia tun- 
nel (8,973 ft.) and the Piteccio tunnel (5,817 ft.) 

These figures show that the Saccardo system of ven 
tilation has two material defects: great quantity of power 
required, and low efficiency. Nevertheless this system is 
at present the best existing method for ventilating moun- 








tain tunnels and has received a number of applications 
in different countries during the last few years. 

A material improvement could be introduced if by a 
uitable arrangement of the air chamber, orifices and air 
onduits, the installation at one end of the tunnel 
could be made both to blow in air and to draw it out. 
This would require double orifices for blowing and for 
exhausting. It could be worked either with two fans (one 
for blowing and the other for exhausting), or with one 
fan which could be made to blow or exhaust by suitable 
design of the air conduits, and by their regulation. The 
advantage of such an arrangement would be that any 
natural current in the tunnel could be utilized for 
ventilation As compared with the present single-acting 
Saceardo system th would increase the efficiency by 








In long, badly-ventilated tunnels the track becomes worn 
very quickly and mainte: 





nee is Onsequentiy expen- 
ive. For instance, it was necessary to renew the track 
in the Kaiser-Wilhelm tunnel (Germany) three times ip 
20 years. The chief reason of this quick destruction is 
that the sulphurous acid contained in the smoke of the 
locomotives becomes oxidized to ulphuric acid which 
becomes deposited on the rails and causes them to rust 
very quickly. In addition, if the smoke is not properly 
removed, substances produced by the combustion of the 
coal (or oil, in the case of the Arlberg tunnel, with still 


more unfavorable results) become deposited on the rails, 





and the track thus becomes coated with a greasy, slimy 
layer. In consequence of the want of adhesion, the rai 
are then subjected to the abnormal dynamic action of the 
ngine With this frequent hammering action rail frac- 
tures are frequent On the other hand the dampness of 
the tunnel and the strong braking required on the loco- 
motives, with sanding, result in much wear of the rails. 
In the Arlberg tunnel, the rail wear in ten years 
imounted to %-in. at wet spots, 7/16-in. at damp spots 
ind 11/32-in. at dry spots. In spite of this, no rail frac- 
tures occurred at the wet spots. This is explained by 
the fact that the slimy layer is washed from the rails 
by the water which is continually dripping upon them, so 
that there is an absence of the lack of adhesion which 


results in the hammering action 


Sufficiently powerful artificial ventilation therefore 
removes the chief causes of the rapid track destruction. 
This is not only better for the track, but also reduces 
the rate of decay of the tunnel lining Experience leads 
to the conclusion that proper ventilation of the tunnel 
materially increases the leng of life of the track, in 
some cases even doubles it As the cost of completely 
renewing the track in a long tunnel is very high, this 
favorable influence of artificial ventilation represents a 
great saving in maintenance. Consequently if the large 
power required for such a plant can be supplied by a 
heap water-power, the introduction of such artificial 
ventilation also reduces the cost of upkeep of the track 

addition there is also increased safety for the traffic: 
rail fractures are avoided, the reliability of audible and 
visible signals is increased, and injurious effects upon 
the trainmen and trackmen are eliminated. 








Conclusions. 
(1) VENTILATION DURING CONSTRUCTION.—For 
tunnels having a length of 2% to 6 miles it is advisable 
to send in air through conduits, and on each side from 


Section Y-Y., (Fig.3.) 


FIG. 4. CROSS-SECTION OF THE TAUERN TUNNEL AT ITS VENTILATING PLANT. 


10 or 165 and reduce the power required by 40 to 45 
The most economic method of tunnel ventilation con- 
sists in the use of a ventilating heading. Where the 


bottom-headir 


/C- 








method of construction is adopted, the 
mplest method of ventilation will be (as Dr. Hennings 
also observesy) to use the lower heading for conveying 
air. To obtain good ventilation in this way it would be 
advisable to have at a few places in the tunnel branches 
from the ventilating heading (or conduit) forming an- 
nular conduits around the tunnel, from which the air 
would be blown in a manner similar to that of the 
Saccardo system. 

In estimating the economy of a ventilating plant, it 
must not be forgotten that although the main object is 
to benefit the trainmen and trackmen, it also contributes 


very materially to the betier preservation of the track. 


*in another paper presented at the International Rail- 
way Congress by Prof. F. Hennings, of the Zurich Poly- 
technic School (Zurich, Switzerland), it is stated that the 
ystem at the St. Gothard tunnel differs from the Sac- 
‘ardo system in having the portals fitted with canvas 
doors which are opened (by the signalman) only to let 
trains pass in and out.—Ed. 











‘The paper by Dr. Hennings (in the February number 
of the ‘‘Bulletin’’ of the International Railway Congress) 
deals with tunnel ventilation only incidentally. He says 
that where an under heading and electric traction are 
used it will be possible to ventilate by the ventilating 
system used during construction. This can be done by 
putting a door (which can be closed) in the middle of the 
heading (presumably this refers to a conduit beneath the 
track) and then blowing in at each end about 1,766 cu. 
ft. of air per se Curtains in this conduit and adjust 
able openings in its cover plates will make it possible 
to lead the air into the tunnel as desired Mr. Heine 
proposes to supplement this by occasional annular cham- 
bers connecting with the conduit.—Ed. 


5,300 to 12,360 cu. ft. per min. are required. The blow- 
ers must be arranged in series. The conduits must be 
kept as free from leakage as possible, with a view to 
good efficiency and small consumption of power. They 
must have a clear diameter of at least 23% ins. in the 
working section and 15% ins. in the bottom (advance) 
heading 

(2) VENTILATION DURING OPERATION.—The un- 
favorable state of the air in badly-ventilated tunnels can 
be modified by the suitable firing of the locomotives. 
The use of small fans, mounted on the locomotives 
drawing purified (filtered and neutralized) air from the 
bottom of the tunnel, reduces very materially the amount 


of inconvenience which the locomotive crews suffer from 


the smoke. 


Artificial ventilation by the Saccardo system, in 


spite 
of its low efficiency and the large amount of power re- 
quired, is at present the most useful ventilation system 
for mountain tunnels It is advisable to modify this 

so as to have a double 


installation at one end of the tunnel, able both to 





ystem in the case of long tur 





e 
blow 
air in and to draw it out. This increases the efficiency 
and reduces th 





amount of power required. The use o 
a separate ventilation heading (bottom heading) give 
e@ most econom method of ventilation. Artificial ven- 
tilation increases the safety of the traffic in the tunnel 
and materially contributes to the better preservation of 
the track in the tunnel. 








It would be advisable to ascertain in detail the 
ditions which led to the introduction of artificial 


‘on- 
ventila- 
tion in the case of tunnels where electric traction is 
used (dampness in the tunnel and its influence on the 


electrical inst 





tion on the locomotive 


Bituminous Compounds in Macadam and 
Earth Road Construction.“ 


By 1 R. AGG 


The Illinois Highway Commission has made considerable 


use of bituminou ompounds in road construction dur 
ing the seasons of 1908, 1909 and 1910. The form of con 
struction involvi: 
looked upon as e 


ha been consider 





the use of these compounds was 





experimental and although there 


ide toward 





standard 
izing these materials and the 





hods of construction 
nvolving their use, still the use of tars and ph 
ompounds for construction purposes must be considered 
as more or less experimenta 


The roads tl 





it were built by the Commission were 





ructed for the purpose of determining the fol 





) The general desirability of the poured asphalt or tar 
macadam road as regards dustiessness resistance to we 
and ymifort of travel; (2) the relative cost of the w 


bound macadam and the tar or asphalt poured macad 





relative cost of maintenance of waterbound ma 


idam and the poured asphalt or tar 


I macadam; (4) the 


uitability of an asphalt oil in the construction of eart 


Bituminous Macadam Roads. 
In this construction it was decided to confine the ex- 


periments to the poured macadam It 


S$ a matter of 
common observation that on roads which are traveled ex 
lusively or almost exclusively by farm teams, the traffic 
onfines itself to a width of 7 or 8 ft., the wheel wear 
oming entirely upon two strips of the roadway which 
usually do not exceed 2 ft. in combined width. Then 
there is a marked tendency for bituminous macadam 
to squeeze out along the wheel track, forming a broad 
depression The wear also must necessarily be great 
where the vehicles all follow the same track This de- 
pression will eventually become deep enough to hold 
water, which hastens the deterioration of the road On 
Village streets there is no such te 





ndency, as the traffix 
must necessarily spread out because of the constant 
passing. 

Where the above conditions are encountered, it is es- 
sential to so design a poured macadam pavement that 
the lower course shall give stability and the upper course 
provide a durable wearing surface so iced that the 
opportunity for lateral displacement of the stone com 
posing it is reduced to a minimum 

Four sizes of stone are used in the experimental bi 


tuminous roads as follows: (1) n. stone (passing over 


a 2-in. and through a 3-in. screen); 
ind throu 


(passing over a \4-in. and through a %-in. screen; (4) 





--in. stone (pass 
ing over a %4-in 





a 2-in creen); (3) chips 


screenings that pass through a %-in. screen, sometimes 
containing a percentage of chip 

In general, bituminous macadam roads have been made 
ibout 9 ins. thick at the crown and 6 ins. at the edge, 
ifter rolling. The stone 
top course of 3-in. stone ie 2% to 3 ins. thick after roll- 
ing, and the lower course of 2-in. stone is 6% ins. thick 


; placed in two courses rhe 
9 


at the crown and 3% in it the shoulder or curb line, 


after rolling. The lower course is spread, harrowed, 
rolled and bonded with water and reenings in the man- 


ner of an ordinary waterbound macadam roadway. 

It was learned early in the experiment that an essen- 
tial part of this form of construction is to have the top 
course of uniform texture, and it was found that herein 


lay the greatest difficulty in the construction. Unless 
every detail is carefully watched, it is certain that there 
will be a lack of uniformity in tl upper or wearing 
course The lower course must be laid very carefully 


and finished absolutely true to cross section and grade 
The top course of stone must then be spread with great 
care 60 as to 





uniform thickness, it must be har- 
rowed to bring a unift 
then rolled until it 





"m sized stone to the surface and 
well keyed together 


Where the 3-in. stone is used, it has usually been 


found necessary to sprinkle over the surface (after the 
first rolling) a small quantity of 2-in. stone, and to roll 


this smaller size into the surface This has the effect 
of pushing together the irger stones in the surface and 
keying them tight so that after this rolling has beer 


done, the surface presented is so compactly knit together 


that without the addition of any binder it is possible to 


but sligh 





haul a loaded wagon over the surface w 
disturbance ito the stone This yndition is the idea 
for a poured macadam The upper course now presents 
a surface which is sufficiently stable .o carry the weight 
of the loads, and it only remains necessary to add to it 
something that will prevent the lisplacement of the 
one 


is estimated i 
ontain about 20% of voids after the rolling 





t this surface layer of one wil 
Theoreti 
illy all of these voids should be filled to prevent any 


lisplacement of the stor 





lich would require a little 


1 


nore than 2% gals. per sq. yd. of sur e for a layer 2% 








thick Practically, however, this may not be esse 

tial because the stone omposing the e have € 
o locked together that there is no oppo y for tera 
*Abstract of a paper read at meeting of the 
Illinois Society of E eers and r it East St 





Louis, Ill., Jan. 25, 27 
+Assistant Engineer, Illinois Highway Commission 
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pveme Cr some of them are removed from the 

I the function of the bituminous compound 

to prevent that, and on the state experimental roads, 2 
per yd. has been the usual treatment. It will 

ften be found that the surface of the road is so open 
t i smooth surface cannot be obtained without first 
fillir the surface interstices The chips are used for 
i yuurpose, being whipped into the interstices from 





f vel The urface is then broomed to sweep all 
to the voids, leaving a clean surface. The void 
r t poured practically full of the asphalt or tar 
ie use of bituminous compounds for this purpose 
two ts nu be ike nto consideration: (1) the ma 
er niust € propriate to the conditions under which 
t w ye applied 2) the application must be so made 
sa t ure that the material will go on the surface in a 
inif iyer and that the surface will be in such con- 
iitic is to permit the material to flow into the inter 
es and to fill practically all of the voids in the upper 
‘ye oO one 
Wi > a is used as a binder, the following method 





found 
tank cars and is heated by means of 
ears. It is necessary that an ample 
steam be provided and usually 


some 


| ha been very successful. The 
binder is received in 
the team colls in the 
it has been se 
capacity. It is 
the material in the tank car by th 


ans to 250° F., sufficient to the tar 


power plant of large 


ossible to heat 


which is make 











used soft enough for their application. The temperature 
at which the material applied is of great importance 
ind the temperature would be correct for one ma 
terial will not be correct for another The ideal cond 
» be reached is that the materia hail be suffi 
ent fluid when reaches the road to flow into the 
terst oling It must not remain as a mat 
the one 
rhe t ed out of the tank car into a distributing 
wagon of steam pressure This has not been 
iltogether satisfactory on account of the water which 


car If air 
compressor this is 


i remains in the 
portable 


ondenses an¢ pressure can 


be furnished from a prefet 
ible. 
he distributing 


attached to 


hauled to the road and 


tion 


wagon is then 


a steam roller being made 
boiler to the top of the wagon, the tar is forced 


and 
method of 


Steam conne 
rom the 
out through a hose 
stone With th 
either 


very ul 


nozzie and 





distributing, it is 
large or smal] quantities of 


possible 


the materia 


in a form stone. The 


amount of 


layer to the 
the 


igon 


only ob 
jectionable feature is slight 
This 
batch of hot binder is 
the binder to 
method of 
with 


water which 
turns into 


turned 


ynden water steam as 


into the 


es in the w 
oon as he new 
wagon and may cause 
The 


found sati 


foam 
has’ not bee: 


general 





application 


tory petroleum residuum compound 











because it impossible to heat the binder sufficiently 
»y the steam coil to make it flow through a hose It 
annot even be heated sufficiently to spread by means of 
ind spreading ins filled from tank wagon At 
the temperature to which it can be heated by steam the 
material is not sufficiently fluid to flow into the inter 


stices of the stone. The result is that there are patches 


on the surface of the road which are unsightly and make 


the surface uneven to an extent which is perceptible to 


those who traverse it. 
thought that asphaltic 
be applied to the road surface at a 


100 F 


In general it is ompounds should 
temperature not less 
some cases the temperature would 


higher, but it must not be 


than and in 
1eed to be 


I considerably 
heated to 











the flash point if an open kettle is used. 

In using an phaltic compound, the best results have 
been obtained when the material is heated in kettles 
irawn off into hand sprinkling cans, and poured onto 
the surface layer of stone 

The first spreading of these compounds will leave the 
surface of the road slightly rough where individual 
tones proje partly from the surface, owing to the 
fact that they have been disturbed by the men walking 
over the surface in spreading the chips and compound 
Ry rolling this surface with a wet roller before a second 
preading of asphalt is applied, this fault can be cor- 
rected After the first spreading of bituminous com- 
pound, the surface of the road should be rolled and then 


covered with stone chips, and thoroughly broomed so 


that these chips work into all of the interstices and voids 


Th is the from the 
is carefully done an 


secured 


most important operation aside 


t 
but if it 
surface can be 





pouring of the 


ompound, 
extremely uniform 





After this, a second spreading of compound (in the 
nature of ‘a paint coat) is applied to the surface. This 
should not exceed -g2 per sq. yd. In the first ap- 
plication the amount of compound must be determined 
by the nature of the surface layer of stone Usually 


14% to 1% gals. per sq. yd. has been used in our work 


Character of Tar Used. 
with 
led to the 
portant variations 


various bituminous 
that there are 
n the characteristics of the commercial 
is. In the absence of accepted standard speci- 
fications for attempt made to 
ompounds certain specificat 


Experience the use of com- 


pounds conclusion some im- 





these compounds, no 


meeting 


was 





any ion ex 


but all 


were analyzed a 


used in 1909 
approved methods 


materials 


ording to 





and a record made of the results (see accompanying 
table) It thought that a study of these analyses and 
1 comparison of them with the behavior of the compounds 
on the roads will give information that may eventually be 
incorporated in a set of specifications Inspections were 
made in 1910 of roads built in 1009, and the condition 
of the various tars is summarized as follows: 
(A).—This gave fair results as a binder, holding the 
surface of the road inta and forming a slight mat on 
the surface whic plainly showed the prints of horse 
shoes During hot weather the material softened suffi- 
ciently to flow out of the macadam on to the earth 
shoulder at the edge to some extent. The constant knead- 





ing of the mat surface seemed to deaden the material 
so that it began in places to separate from the stone and 
to become brittle So far the wear is almost entirely on 








the mat of tar on the surface of the macadam. 

(B).—The same general conditions were found as where 
(A) was used, except to a slightly less degree, with the 
probability that the life of (B) will be somewhat longer. 





(C) Chis seemed to work out on the surface to an un- 
desirable extent and became quite soft during hot 
weather, running onto the earth shoulders in large quan- 








tities The mat on the surface is dead and brittle and 
is peeling off from the stone This seems to be the 
poorest tar used during the season So far the mat of 
tar is taking all the wear 

(D).—This tar was used on a road so situated that large 


quantities of mud were 
The tar t 


appears to be 
does not seem to have 
the 


arried onto it during the winter. 
dead and somewhat brittle, and 
held 


hips in the interstices of 


t 
surface of the 












upper layer of ston road is 
rough, the wear all coming on the stone. 

(E).—This has held its life well on a very heavily trav- 
eled road Or Gur yf the’'surface, the iar has 
worn off ¢€ rely, ce presenting a mosaic appear- 
ance, each stone irrounded by the tar, the stone 
forming the wear irface On the remainder of the 
surface, the tar i thin 1 taking the wear and 
protecting the sone This tar is apparently the best used 
during the season 

(F).—Th Was used resurfacing work where a con- 
siderable quantity of stone dust and mud was found 
on the road fhe tar became brittle and wore off 
the surface ‘ been no loosening of the stone 
It is thought or results here were due in part 
to the fact that was applied 1a cold weather. 

(G).—About the same results were obtained with this 





material as with (D), u 

(H).—This was 
for (D) and (G) 
the surface being 
n the int 


the wear an 


jer similar conditions. 

ider conditions similar to those 

results were better, however, 

mooth. The chips held in place 
urface. The stone is taking 

presents a mosaic appearance. 


















(J and K) With these materials the stone is held in 
l but the wear is on the stone The tars become 
y brittle dur cold weather, but in warm weather 
seem to regain their life hey did not soften enough 
to tiow 

(L).—This tar became brittle. The surface of the road 
racked under traffi jue to the fact that the tar was 
during vid weather, and that t! road was not 

per condition for receiving the tar treatment. 
general, it may be said that all the roads were 
dusty except those that had an excessive mat of tar on 
ie urface ind these were omparatively free from 
lust This mat, however, is probably short lived and 
the conclusion is that all tar-treated roads will become 
lusty within two or three years after construction, and 


hat if the mat surface is not obtained, the roads will be 
dusty from completion The surface layer of stone, in 
all cases, is held firmly in place; but the finer particles in 
the interstices are not held in place by brittle tars. 


It i 
an be replaced by 


nature of a paint coat, 





probable when the mat wears off it 


a proper grade of tar in the 
and that this will be the cheapest 


surface 











method of maintaining roads of this character. 

It seems that some change must be made in the char- 
acter of the ble for construction purposes, to 
insure that wi soften and flow in hot 
weather and not get brittle during cold weather. Just 
how this can be done not at once apparent, but it is 
probable that the volatile light should be elim- 





nated and the free 


should ther 


‘arbon held a There 
ye a sufficient quantity of dead oils present 


to the pitch. 


low as possible. 





to give elasticity 


gi 
Oiled Earth Roads. 

The oiled earth construction was undertaken with the 

object of determining its durability under the soil and 

climatie conditions of Illinois. It was desired to ac- 


complish ¢& surface which 


the 


more than a 
serve to 


ething treatment 
present 
and possibly reduce 
‘ountry road It was there- 


into the surface layer of 








would merely 
dition of roads 
the cost 


fore ne 


illeviate 
luring dry 
of maintenance on a 


dusty con- 


weather, 
essary 


to incorporate 


PROPERTIES OF TARS 









“Dow”’ 
penetration Free 
Where used 3° C. Specific carbon, 
50 gm gravity. P. ct. 
A Best St. Lodis.......3. BS 1.230 24.99 
B Edwardsville . ea, 1.240 2 ) 
C Kast St. Louwis........; ess 1.2 21.03 
PRO on ks sacs as deca 23 1 19.54 
= East St. Louis 11 ‘; 20.68 
F Elburn 12 1.240 20. 
G Mt. Sterling 19 1.243 
H Bushnel 14 1.219 
J Flossmoor 10 1.255 
K Flossmoor: , 19 1.238 
i, Grant Park.:.... 33 1.239 


X Ammoniacal 
* 


Too soft to test 


water present. Y: Non-ammoniacal 


USED FOR ROAD TREATMENT; 


earth on the road a sufficient quantity of an asphaltic 
oil to render this surface layer impervious to water. 

In accomplishing the above purpose, it 
that such a large quantity of oil will 
that in hot 
make the 


seems possible 
used 
sufficiently to 
e of the road plastic. In this case, the 
‘oncentrated traffic the summer will squeeze out 
the surface of the road along each wheel track, forming 


need to be 


weather the oil will soften 





suri 





during 





a rut and leaving a slight ridge outside of the wheel 
track. Then the slight depression formed by the wheels 
will hold water and will soften and eventually cut 
through. 

But it seems probable that if the surface becomes suf- 


ficiently plastic to be 
sufficiently plastic 


Therefore it 


put out of shape, it will also be 
to be readily put back into condition. 
is probable that on such a road the surface 
can be reshaped about once a year. if done the 
road will not get muddy to any extent during the winter. 
It is possible then that the road may be well worth its 
ccst, but until we have more experience no definite answer 
can be made on that point. 

EXPERIMENTAL ROAD 
Township, Piatt County). 
structed in 1908 on a 
asphaltic oi] in such 


this is 


(Ivesdale 

This oiled earth 
black gumbo 
amount as to 


Road, Bement 
road was con- 
soil by using an 


give a layer about 5 


ins. thick, treated with as much oil as it would absorb. 
The center of the road for a width of about 15 ft. was 
plowed, disk-harrowed and pulverized. The pulverized 
earth was then moved to the side of the road and the 


middle portion or roadbed, on which the oil was to be 
used, was shaped and thoroughly compacted with a 10-ton 
steam roller. Alternate layers of oil and earth were then 
placed on this foundation, thoroughly mixed with a disk 


harrow, and rolled. The road was finished by putting on 


a light layer of earth and rolling the surface 

Numerous difficulties were encountered, particularly 
in getting proper mixtures of the earth and oil. rhis 
mixture when once made was of such a gummy nature 
that it was almost impossible to get it evenly dis- 


tributed 


over the surface of the road Also the nature 
of the soil was such that it could not be entirely reduced 
to dust and there were numerous large clods in the mix 
ure which were not broken and remained in the surface 
of the road after its completion. It was found that the 
oil never impregnated these larger pieces of earth 
Subsequent work on this road showed that the earth 
and oil mix more uniformly if the earth is moistened 
with water during the mixing process. At first the road 
is very soft, but as the water dries out the surface 
becomes harder. During this time the road hould 


be rolled and kept smooth 


Conclusions. 
The experiments have shown conclusively that a 
mac desirable 


poured 
idam ig a roadway It has an elastik 
surface pleasant to travel and much less dusty than the 
untreated macadam While the roads built have not 
been in service long enough to give accurate data as to 


life, it is apparent that for some years the wear will be 


on the bituminous compound, if a 


1 


proper one 





In general we may safely state 





t the life of the 
the road has 
proportion of 


road is 
a mixed 
horse 


greatly 
traffic 
vehicles 


lengthened, 
with a considerable 
and automobiles. 
Oiled-earth construction must be considered as of doubt- 
ful value, so far as the experiments 
be interpreted. While there can be no question but that 
the roads were greatly benefited, it remains to be proved 
that the treatment is worth its cost per sq. yd. 
As to the relative cost of the waterbound and bitumin- 


especially if 


one 


already made may 


of 30 cts. 


ous macadam, the tar-macadam will cost 15 cts. per sq. 
yd. more than the waterbound (at the present cost of 
tar); the asphalt-macadam will cost from 15 to 20 ets. 
per sq. yd. more than the waterbound, depending upon 


the price paid for asphalt. 

In regard to the relative cost of maintenance, no data 
can be given because none of the bituminous roads have 
been in service long enough to determine this point. It 
seems probable, however, that a bituminous 
will maintain its surface at least as long as a waterbound 
macadam and probably much longer. When necessary it 
can be repaired by a surface dressing or paint coat of 
the proper grade of binder at a cost of about 15 cts. per 
sq. yd. To properly resurface a macadam 
road would cost 380 cts. per sq. yd. 


macadam 


waterbound 


ILLINOIS HIGHWAY COMMISSION 
Results of Distillation. 


First 2nd Light Oils. Dead Oils. 


light = ————~———_ —-—_—_—"_- 








oe 

oils, Amount, Solids, Amount, Solids, Pitch 
P. ct. Fr. ct. P. ct. P. ct. P. et. residue. 

1.76X 4.64 25Z 32.72 75 60.88 

1.20X 4.40 60Z 22.12 70 72.28 

6.70 90Z 24.00 35 68.64 

0.66 ous 26.67 60 71.34 

eee Snide 20.00 25 T7385 

1.33 ee 30.67 50 68.00 

aia 100Z 28.67 9 .00 

1.00Y as ‘ns 24.67 3 33 

0.67X 2.67 100Z 21.33 80 .33 

sane 6.67 100Z 21.33 0) 00 

ae paishos 24.67 40 33 





water present Z: Solids principally naphthalene 
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Washing Dust and Smoke from Chimney 
Gases at York, England. 


By JOHN Bb. C. KERSHAW.* 

At the York, England, meeting of the British 
Association for the Advancement of Science, held 
in August, 1906, Messrs. S. H. Davies and F. G. 
Fryer, the chief Chemist and Engineer of 
Messrs. Rowntree’s Cocoa Works, read a paper 
describing a novel form of smoke-Washing ap- 
paratus, in use at those works for the removal 
of dust and smoke from the chimney gases. As 
increasing attention is now being given in all 
countries to the subject of smuke prevention, 
and as this smoke-washing apparatus with some 
important modifications is still in operation at 
Messrs. Rowntree’s York Works, the author has 
thought that the following notes upon it would 
prove of interest to readers of Engineering News. 


The description of the apparatus is given largely 





in the words of the original paper by Messrs. 
Davies and Fryer. 

The boiler installation at Messrs. Rowntree’s 
works consisted of six Lancashire boilers, 30 ft 
by Y¥6 ins. and 102 ins., working at 100 lbs. 
pressure, and fitted with Bennis_ sprinkling 
stokers and with coal-feeding elevators. Econo- 
mizers and superheaters were employed and the 
average consumption of fuel amounted to 310 
tons per week. 

An induced-draft installation was added in 
1904, in order to increase the capacity of the 
plant and to cope with the increased demand for 
steam without adding more _ boilers The fan 
was of 7-ft. diameter and was placed at the base 
of the brick chimney, which was 6 ft. in di- 
imeter and 150 ft. in height. With this fan 
and chimney the draft at the main flue was 
tbout 14-in. of water with all the boilers in use, 
or about double what was obtained with chim- 
ney draft alone. 

The only class of coal which could be obtained 
it an economical rate was a dusty pea slack 
from the South Yorkshire coalfields, having an 
iverage calorific value of 12,500 B. T. U. and 
containing 10% of ash. Of this coal, 40% con- 
sisted of dust and fine smudge which passed 
through a 3/16-in. mesh. The average evapora- 
tion under usual working conditions in each ot 
the smaller boilers was 975 gals., and in the 
larger boiler 1,120 gals. per hour, from and at 
212° F. This high evaporation could only be 
secured by the combustion of approximately 32 
lbs. of coal per square foot of grate area. It 
represented 8.5 lbs. of water per pound of coal, 
or, if due allowance be made for the work done 
on the superheaters, 9.06 lbs. of water per pound 
of coal from and at 212° F., and this with low- 
grade coal of 12,500 B. T. U. 

Working under these conditions, every effort 
had been made to reduce the amount of smoke 
generated, and for some time prior to 1906 no 
black smoke in its technical significance had 
been emitted. The special desire for a model 
factory, however, with entire freedom from dust, 
led the directorate to demand much more than 
this, and they determined to secure a smokeless 
exit from the chimney. With induced draft and 
a dusty fuel, the problem resolved itself mainly 
into the removal of dust and grit, the relatively 
small amount of carbonaceous smoke being of 
secondary importance. With the sort of coal 
used, it was impossible to ensure such a result 
with any of the known smoke-curing appliances. 
Coking stokers, for instance, were not specially 
suited to this class of fuel and would not give 
the required evaporation. Moreover, they pro- 
vide only a partial remedy for dust. Coal-dust 
firing involved the provision of costly grinding 
mills and a heavy charge for power. Under these 
special conditions, the engineers could not aim at 
what may prove to be the ultimate solution of 
the problem—the non-production of either dust 
or smoke in the furnace—so they turned to the 
only alternative, that of intercepting the dust 
and smoke from the furnace gases. 

To do this they arranged the flues so that 
the gases could travel in either direction through 
the economizers, and built a brick chamber (37 
ft. long, 14 ft. 6 ins. wide and 17 ft. high) at the 


*York St., Waterloo, Liverpool, England 
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end opposite the existing fam and chimney, in 
Which chamber the gases could be washed This 
chamber is subsequently referred to as the 
“smoke-washer"; its details are shown in the ac- 
companying diagram. The gases were drawn 
through the smoke-washer by an S-ft 6-in. 
steam-driven, induced-draft fan and were de- 
livered to a steel chimney of 7-ft. diameter ris- 
ing 30 ft. above the top of the washer. The 
fan was run at a sufficient speed to give about 
%-in. draft by water-gage in the main flue. 

The smoke-washer was lined with Stafford- 
shire bricks, set in cement; the four baffles were 
made of cast-iron plates Water was supplied 
in the form of coarse spray through a number of 


Harrison’s patent spraying nozzles (numbered 


1 — 7 in the diagram) and further in the form 
of continuous sheets of falling water (A, B and 
C). There were also two hot and one cold- 


water nozzles (N) close to the inlet from the 
flues. The floor of the smoke-washer sloped to- 
wards the outlet, and any grit or dust deposited 
in it was washed down at intervals by a flush 
of water from three automatic tippers (T) built 
into the walls After passing a water seal, the 
grit was collected in either of two parallel set 
tling tanks. 

At first a portion of the wash water was re 
circulated through the plant, but the acidity in 
creased so rapidly that this plan was aban 
doned. Neutralization of the circulating water 
With milk of lime proved too costly A sutti 
cient supply of fresh water drawn from a well 
ind involving only the cost of pumpin 


therefore employed. This reduced the acidi 


a mere trace, and the wash-water was run off 
into drains 

The gases passed from the economizer chamber 
at a temperature of about 3820 EF. and at a 
velocity of 20 ft. per second into the first section 
of the smoke-washer (a space 14 ft. 6 ins. long 
by 11 ft. wide by 16 ft. high) where the velocity 


» 1 


was reduced to 3.7 ft. per second. It was found 





best to saturate the gases as far as possi 
with water vapor in this section, supplying a 
plentiful spray f hot water from the econo- 


mizers through nozzles (shown at N) at a tem- 


perature of 250° F.; to which is added exhaust 


steam from the fan engine. After passing over 
the first baffle, the gases came in contact with 
cold water from one r both of two sets of 
sprays (8 and +) in the second section. They 


impinged against wet walls and swept down on 





to a floor covered with running water, before 
passing under the second baffle At this point, 
when necessary, they could be drawn through a 


continuous sheet of water (B) falling from the 
edge of the baffle. In the third sect 
gases were subjected to further chilling and 
washing by means of cold water sprays (5 on the 


ion, the 


diagram), and if desired, the process could be 
repeated in the fourth section, by sprays (6). 
The gas emerging under the last baffle could be 
washed by another sheet of water (C) and passed 
direct into the fan suction from the last section 
of the chamber, which contained a single noz- 
zle (7). 

It will be seen that the first section of the 
smoke-washer constituted a resting and satu- 
rating chamber in which the velocity of the gas 
was greatly diminished and in which a large 
amount of water vapor was taken up Here 
most of the heavy grit was deposited. The gas 
was then chilled and washed in the succeeding 


sections, causing the deposition of the lighte 


fume and smoke. This deposition was greatly 
assisted by the condensation of part of the water 
vapor taken up in the first section. The areas 
were kept large throughout, enabling the gas to 
travel at a comparatively slow pace and not in 
crease the work of the fan. Any arrangement 
for forcing the gas through restricted areas or 
bubbling it through water was avoided. Splash- 
ers or other mechanically-operated devices wer 
also avoided, and great importance was attached 
to simplicity of design. 
Experimental Results. 

Experiments were carried out with this smoke- 

washer to determine at what point a limited 


amount of water could be best applied, and the 


following conclusions were Urrived at 


as 
255 

] The application of steam and hot wate n 
the tirst section gives much better results thar 
the use of cold water sprays at this poin 

2. The cold water is best ipplied In the second 
ind third sections, e. g., sprays 3 and 5 

%. The application of sheets is an extravagant 


method of using water, and so long as the walls 
and floor are kept wet and 
sufficient pressure, sheets ot 
pensed with. 

f. With gases leaving the economizer at 300 


o 300° F. a favorable temperature for the exit 


gases is 150° to 135° F., while the water running 


to waste has a temperature of 110° to 115° F 


» The minimum volume of water requisite to 


deal with 2,400,000 cu. ft. of hot gas per hou 
is from 7,000 to 8,000 gals., distributed approx 
mately as follows 


y 1 : 
Cold water 1,000 gal 














5,000 
Hot water 1,300 
Exhaust 1M) 
Total supplied ..... nahn ‘ 7,400 ga 
Less water vapor required to satu 
rate exit gases at 150° F..... 1,000 
Water running through ett ; 
tanks to waste i 6,400 gals. per hour 
\ comparative set of xperiments upon the 
Washed and unw d that th 
Vhole of the grit and dust and practically th 
fee 
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Sectional Plan 


Smoke Washer for Chimney Gases at Rowntree’s 
Cocoa Works, Troy, England. 


(Drawn as originally designed It was subsequently 
found necessary to change the location of the fan and 
replace the teel chimney by one of wood, to av l 
trouble from sulphuric a ) 





Whole of the smoke and the sulphur acids wer 


removed in the smoke-washer The amount f 


grit collected was about 1,600 Ibs. per 24 hours 
to 


(calculated on the dry material) equivalent t 
1.5% of the coal burned. The grit was of a 


g! of light 
porous nature and contained on an average 60 
of combustible matter. 

Although the smoke-washer was a somewhat 
expensive plant to erect, and the cost of m 
ning was considerable, the designers bel } 


£1! ellev er 


that it would prove much the most ynomical 
device that they could adopt to secure the very 
special conditions demanded at Messrs. Rown 
tree’s factory. Allowing ample capital chargé 
ind working costs, they estimated that it would 


idd 10% to the annual cost of coal. In this con- 


nection, it may be noted that if they had made 


use of coal screened from dust, it would have in- 
volved an additional cost of 50% on the coal 


Dlil 


and even this would not in itself have ensured 


etme Takraw 


I, A GA PRON 4 
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complete treedom trom grit nor have solved the 
smoke difficulty. Moreover, their tests had al- 
ready shown that the larger coal did not Zive any 
better evaporative results. Similar smoke-wash 
ers might be adopted with great benefit to the 
neighborhood by many large factories and gen- 
erating station ind could be run at a moderat: 


expenditure wherever a cheap and plentiful sup 
ply of water is available 
Modifications in Design. 
our and one-half years have now elapsed 
since this smoke and dust washing plant was 
started at Messrs. Rowntree’s Works in York, 


ind those who saw the apparatus wit 
in August, 


impract 


h the writer 
1906. and condemned it as costly and 
will be hear that it 

s still in with modifications. 

The induced-draft the steel 
chimney, were found to be seriously affected by 
the sulphuric which their 
and fan was removed to 


the opposite end of 


surprised to 


icable, 


use certain 


fan, as well as 


acid condensed upon 


surfaces, the therefore 


the chamber. The gases are 


now discharged vertically downwards at the in 
et end of the chamber, and immediately upon 
entering they are moistened by water at a tem- 


230° F. 
this 
economizer 


perature of about 
spraying nozzles, 
extra 


ill this 


through two 
being heated by an 

Practically 
gases in the 
1f the cham- 
Saturating chamber 
discharged downwards, the 
grit fall by their own weight 
onto the chamber floor, and never come up again; 
many particles that would not 
their own weight do so after becoming saturated 

The installation, as originally designed, worked 
but 


supplied 
water 
battery of pipes. 

the 
first portion 


water is taken up by 
form of vapor, and the 
ber therefore 
The gases being 


heavier particles of 


serves iS a 


lighter fall by 


well as far as 


not so 


the grit 
successful as 


was concerned, 
was desirable in the sub- 
sidiary object of removing smoke. Further alter- 
ations were made to improve its performance in 
this respect. About the center of the chamber, 
“scrubbing”’ arrangement was placed, 
formed by 1%-in. wooden Jaths. The scrubber 
is. 2 £t: and is fixed at an angle of +45 

This is kept well sprayed with cold water. The 
majority of the lighter particles suspended in 
the and much 

“scrubbed” 


was 


a wooden 


thick, 


actual smoke (when 


out 


gases, even 


such and condensed 
it this point. 


by 2 


occurs), 18 
the chamber 
used for 


The gases pass from 
chimney similar to that 

Although about SO; 
is actually washed out the remaining 2U% is car- 
ried forward in the form of sulphuric acid, 
it was this which had attacked the original steel 
chimney. 

The grit the 
tling tanks the paper, 
and is carted to the dump, as no use for it has 
yet found. About 24 tons (calculated on 
the dry grit) are collected per week. The per- 
centage of not high, and it is 
difficult this carbon 


wooden 


cooling towers. of the SO, 


ind 


from 
as described in 


is separated water in set- 


original 
been 


carbon in this is 


very to obtain combustion of 


even in laboratory experiments. 


Although this smoke-washer has been in oper- 
ation now tor over four years, the chemist and 
engineer of the works state that they have not 
come across any alternative which would be 
more successful or more economical than this. 
The Rowntree company has patented the appa- 
ratus merely to safeguard themselves, but the 
directors, who are interested in the question of 
the prevention of smoke and tar, wish free use 
to be made of the idea by anyone interested, and 


iny assistance in their power with 
The writer’s thanks are 
Davies, Fryer and 
Works, for the 
in this and for the 
the smoke-washer as 


desire to give 
regard to this 
due to M 


Rowntree’s 


matter. 
information 
plan and 
originally 


Messrs. 


“ft 
given article ele- 


vation of de- 
signed 
— EE 

CEMENTS to 
furnace bricks are 
he H. W. Johns-Manv 
York City The new 
ratures as high 3,000 
furnac 


replace fire clay as 


REFRACTORY 


yonding material 


being placed 
Co., 1 





on the market by 
William St Ney 
rated to resist 


are intended for use in 











cements are 
F. They 
crucible and cupola set- 
tings and lining patching and facing bricks 
while in place in the fire zone A coating for fire- 
brick walls, “‘brickline’’ cement, is claimed to 
prevent the clinkers 


tempe 





and for 


known as 


adherence of 


McLellan of 


Reinforced-Concrete Electric-Lamp Poles for 
St. Marys Falls Canal, Michigan. 


By L. C. SABIN,* M. Am. Soc. C. E. 

progress at St. Marys 
such changes in the canal 
replacing several electric 
light poles and adding others, and the improve- 
ments 


The 


Falls Canal have mad 


improvements in 


Walls as to necessitate 


contemplated will call for many more 
changes of this kind The electric-lamp poles 
in use were made of timber, 11% in. square at 
the bottom and 8 in. at the top, with cham- 
fered corners, and surmounted by a standard 
holding the light erect above the pole. These 
poles have to be renewed quite frequently be- 
cause of decay just above the ground surface, 
ind the increasing cost of timber makes such 
renewal expensive It is proposed to place all 


Wires underground as fast as the proper con- 


With other work, 
a lamp on a wooden pole is not easily con- 


duits can be laid in connection 


and 
nected with underground wires. 


For 


these reasons it was decided to build an 
experimental pole of concrete to test the adapta- 
bility of the material and determine the cost, 


and this experiment 
to warrant the 


proved so satisfactory as 
construction of 40 of the 


same general type. 


poles 


he requirements to be 


met were that the lamp 





Gisriwan 4 





square, within which the rods were placed and 
secured alt proper spacing by winding with stove 
wire. (Fig. 2.) 

In the center of each pole is placed a standard 


black gas pipe, 14 ins, diameter, in two lengths 


of 15 ft. to lead the wires from the cutout 
box, near the base, to the top crook or goose 
neck. At the upper end of this pipe is placed a 


~ x 1%-in. reducer to connect with the 2-in. pipe 
forming the goose neck, and at the bottom it 
terminates in a 1%4-in. bend leading through the 
concrete to the cutout box. (Figs. 3 and 4. 
The top of the pole is finished with a special top 
casling, inclosing the upper end of the gas pipe, 
the reducer and the lower end of the goose neck 
(Fig. 5). Fitted above this is a special conical 
watershed casting so made that an annular space 
between the latter and the lower part of the 
goose neck may be calked with lead or asphalt 
insulating compound. (Fig. 5). The cast-iron 
cutout box, of special design, covers the 
cutout and the outlets of both ducts. (Fig. 4). 
The pole steps are of %-in. round galvanized 
iron, 10 ins. long, projecting 5 ins., and are bent 
near the end in order to clear the central pipe. 
(Fig. 1). 

The wires are brought from the main conduits 
through 2-in. galvanized duct to the concrete 
base in which the pole is set, and up along the 


series 





Fig.e. 


FIGS. 1. AND 2. 


LAMP POLES, 


should be 50 ft. above the ground, that the wires 


should lead from a conduit through a cut-out box 


at the base of the pole and thence inside the 
pole and through a pipe crook or “goose neck” 
to the lamp, and that the pole should be of neat 
appearance and strong enough to be readily 
handled without danger of breaking. In order 
to provide for setting the pole in a mass-concrete 
base the length was fixed at 35 ft. The rein- 


forcement was designed to give a moment of 
resistance at the base of about 300,000 in. Ibs. 


This provided greater strength than required for 
wind but it considered advisable 
} 


to give ample strength to withstand rough hand- 


pressure, was 


ling, so that the setting would not require too 
much care. 

The poles are 11 ins. square at the base, and 6 
ins. at the top, with the corners chamfered by 
inserting in the corners of the mold triangular 
strips 1 in. on a side The reinforcement con- 
sists of one %-in. square, twisted bar, 34 ft. long, 


extending from about a foot above 
the base to the top, and two similar bars ¥%-in. 
square, 25 ft. long, in extending to 
within 9 ft. of the top, so that the cross-sectional 


in each corner, 


each. side, 


area of the reinforcement for the bottom part 
of the pole is 3.56 sq. ins., but for the top 9 ft. 
of the pole it is but 1.56 sq. ins. The bars 
were tied together at intervals of 4 ft., with 
two turns of No. 6 soft-steel wire, bent to a 
*General Superintendent, St. Marys Falls Canal, Sault 


Ste. Marie, Mith 


FORMS AND REINFORCEMENT 


FOR REINFORCED-CONCRETE ELECTRIC- 


ST. MARYS FALLS CANAL, MICHIGAN. 


outside of the pole to the cutout box, located 
about a foot above the base. The connection 
from the lamp to the top crook or goose neck is 
made through a high-tension insulator and outlet 
bell. (Fig. 3). 

The poles were molded in a horizontal posi- 
tion and the forms for the concrete are shown 
in Fig. 1. In order to support the pole uniformly 
without an excessive amount of blocking, the 


foundation timbers were of 12 x 12-in. fir, 36 ft 
long, which were on hand. Six of these were 
planed on one side, and framed, and the re- 


mainder of the mold was made in duplicate. This 
permitted one pole to be made each day, and 
provided for removing the sides 24 hours after 
being made and leaving the pole on its firm sup- 
port for about a week. The forms for the sides, 
secured by cleats bolted to the 12 12-in. tim- 
ber, were so prepared as to be readily removed 
and placed on another timber, as indicated in 
Fig. 1. The method of supporting the pole steps 
shown was a little device that saved much time, 
and permitted the side pieces of the mold to 
be removed without disturbing the steps. 

The rods for reinforcement having 
chased in the lengths needed, the first step in 
assembling them was to bend the ties or 
bands to the proper sizes to fit around the rods 
at intervals of 4 ft. and keep the rods to the 


been pur- 


wire 


taper which the shape of the pole required. These 
wire bands were made by bending around a hard- 
They were then placed in the 


wood mandrel. 
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form around the rods and each rod was tied 
with stove wire to each band at the point of 
crossing. This resulted in a unit of reinforce- 
ment that was quite rigid, and could be blocked 
up in place in the mold. The central pipe was 
then placed and secured, the steps 

adjusted with their wedges, and the A 

top casting placed over the upper 
ends of the reinforcing rods ready 
to receive the concrete 


Fig.3 
FIGS. 3 AND 4. 
FORCED-CONCRETE ELECTRIC-LAMP SUPPORT. 


Fig. 4. 


The concrete aggregate was of limestone 
screenings passing a screen having l-in. square 
openings. The proportions used were 1% bbls. 
of cement, 7 cu. ft. of river sand and 14 cu. ft. 
This batch made about 15 cu. ft. 
sufficient for one pole. It was 
hand, quite wet, and well puddled 
reinforcement. The top. surface, 
forming one side of the pole, was finished as soon 
as ready. The following day the sides of the 
mold were removed and the two sides of the pole 
finished. (Fig. 2). After about a week, the 
pole was carefully tipped over on another 12 x 12- 
in. timber so that the remaining side could be 
finished, and when this was completed the pole 
was moved to storage. For finishing the sides 
the film of neat cement was removed by rub- 
bing with a flat piece of sandstone and water, 
leaving a ‘‘sand”’ finish. Later, carborundum 
blocks were found well adapted to this purpose. 
Some of the poles first made were painted with 
a neat cement grout tinted with yellow ochre, 
but it was later decided that the natural gray of 
the concrete was preferable, especially in view of 
the fact that the of the canal walls 
and other massive masonry was of this color. 


of screenings. 

of concrete, or 
mixed by 
about the 


concrete 


When not governed by some special conditions, 
the poles are set 311% ft. back from the face of 
the canal wall, in a block of mass concrete 3 ft 
square by about + ft. deep. (Fig. 6). The top 
of this block is about 5 in. above the canal wall 
and has a 38-in. chamfer around the upper edge. 
The method of setting was as follows: After dig- 
ging the hole for the base, a flat stone was 
placed in the bottom, at the desired elevation, 
to receive the bottom of the pole. The pole was 
then laid at right angles to the canal wall, with 
the butt over the hole and the top extending 
away from the canal. Along the lower side of 
the pole was secured an 8 x 8 in. timber, in 
which was cut, semi-circular 
groove to fit over a timber roller about 6 ins. in 
diameter. This roller rested in two similar 
grooves, cut in 12 12-in. blocks staked to the 
ground, and formed a hinge about which the 
pole could revolve in a vertical plane at right 
angles to the canal wall. (Fig. 7). This hinge 
was so set that when the pole touched the stone 
at the bottom of the excavation it would be at 
an angle of about 45 degrees. A floating der- 
rick, with 45-ft. boom, lying in the canal op- 


transversely, a 


POLE AND BASE CROOKS, FOR A REIN- 


posite the pole, was used to hoist it into posi- 
tion, the pole first turning about the hinge and 
later about the lower corner resting on the ston 
Some poles, set nearer the canal wall than the 
above, were hoisted into position with the der 


ma 











Fig. 5. Cast-Iron Cap 
for Reinforced-Con- 
crete Pole. 


rick without using the hinge. After the pole 
was in place and secured by guy lines, the con- 
crete was mixed by hand and filled around it 
Where the sides of the excavation stood up wel 
no forms were used below the ground surface, 
but in case much caving had taken place, a rough 
mold was used for the lower part of the base. 
A plank form was used for the upper part above 
the ground surface, and this part was finished 
as usual after the removal of the form. After 
the concrete in the base had set the guys were 
removed and the pole wired for service. This 
consisted in laying, in a shallow trench, 2-in. gal- 
vanized duct from the manhole of the main con- 
duits opposite the light to the %-in. bend o1 
crook imbedded in the base, (Fig. 6) and leading 
the necessary wires from this manhole to the 
outlet bell at the extreme end of the goose neck. 
The appearance of the after 
shown in Fig. 8. 


pole erection is 


The material and labor 
required in the construc- 








tion of one pole, and the 3 {- i - 
cost, are given in Table I ft I 2 
The wages paid for cight = ro 
hours work were as fol- I tio 
lows: Forema Nea 
carpenters, $2.25 te Su 
cement finisher, 
common labor, 
day. The entire 
forms is included in the 
cost of 42 poles, although 
much of the material 
is good for further use. , S 
The pole was trans- * . ek, Fig. 7. A Method 
ported, from the yard Va f 
to the point where it was 7 Ze oF Wilbaisrncrsi 
to be set, on a derrick JE RE See 
scow, and this. trans- a Poles into Place. 
Ww 
~ 3/'6" 7 
ge F i 
PARTI 
5 portation was quite expens be 
' cause a tug w kep ynstantly in 
3 R service, to shift the derrick scow out 
— > f th vay of passing ssels. The 
exact cost of thi lig ser e S 
Fig. 6. A Reinforced-Concrete Arc-Lamp Pole in not known, and in the cost f 


Place at St. Mary s Falls Canal. 





TABLE I.—COST OF REINFORCED-CONCRETE 


TRIC-LAMP POLES FOR ST. MARYS FALLS CANAL 


CONSTRUCTI 


(Based on 40 
Material Reinforcement 











3oU lbs. cold twisted steel aw-é Ct - $0.40 
S Te. WO. cc cckvssetwacsvuus ‘ > LO 
Pipe, etc., built into the pole 
26 ft. 1%-in teel gas pipe at 4.2 cts - $1.09 
1 2 x 1%-in. reducer (at top to attach 
CROGGES  N.cusadtoicaues eke akedeanens 10 
1 1%-in. bend (at bottom of pipe in pole) 2 
22 10-in. galv, pile steps at 35 cts........ 66 
1 top casting 1.20 
Concrete 
l4 bbis ement at $1.44........ - $1.62 
O26 cu. yd. samd Gh SD Clh.cc ccc cusucaes i+ 
0.52 cu. yd. screenings at $1.10... / vt 
Form r 42 poles) 
Lumber ‘ a ‘ $75.12 
Bolts, pail and iron...... atta” oe 
Labor, building LSU.67 
Total ‘ . $275.24; each 
Labor and Transporting Materiale 
Superintendence rer ‘ 
Hauling material, labor and tug serv 
Assembling forms ...... > 
Assembling reinforcement .. 3 
Concreting, strippin and dre aa 4.18 
Miscellaneous, blacksmith & contingen 14 
fotal labor and tug service 
Total cost of pole in yard eee 
TRANSPORTATION 
Labor eee a eee a ee “e enenes $0.63 
Tug (estimated) 3.00 
Total a erere ye - 
ERECTION. 
(Based on 15 poles and including concrete base 
Material 
13% bbis. cement at $1.44.. ee rE $1.99 
0.46 cu. yd. eand Sb DO COR. cc ccvcsckcccceses 2D 
0.46 cu. yd. screening at $1.10............ tO 
1.15 cu. yds. broken stone at $1.10........ 1.26 
Transporting, 3 tons, at 50 cts............ 1.50 
2-in. bend and coupling...... 
Labor. 
Superintendence ............ i $2.81 
Excavation and backfill...... 2.54 
Erection with derrick........... 5.97 
Mixing & placing concrete, includ 4.17 
Miscellaneous and contingencié 2.20 
Total, base and erection ovat 
WIRING AND FITTING 
(Based on nine poles.) 
Materials 
DP WENO act adadadestuodondns or axa 
1 2-in. crook or goose neck....... 4 : 1.25 
hk -OGRIOE GERD ce cscccesnu Oa. ecandeacd ate wise 0.20 
D CRUE PO ck ecdédean cannes ame 25 
1 pothead and cutout....... ; ‘a 4.40 
SO ft. No. 6 rubber covered wire with 
weatherproof braid at 16% ace eee 
Miscellaneous supplies ........... ater 0.30 


Total, material 
Labor Etc. 
Labor of wiring and fliting......... ; $: 
Transportation of materials & contingencies 1.02 





Total, wiring and fitting.......... 
SUMMARIZED COSTS 


Pole as molded, including materials used 
Transportation of pole to site 





Erection, including concrete base.. sages. ae 
Wire, cutout, and other accessories through 

base and pole to lamp........ << 2s 
Wiring and fitting up pole...... : 5.15 





Total cost in place and wired 





transporting 


given below 


$9.55 
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at $3 per pole, 
added to the 
$0.63, 


+ 


estimated 
which cost 
of labor, gives 


34.63 as the cost of trans- 


porting. 

The figures for con- 
struction, transportation 
and erection, however, 
du not include all 
the expense of placing 
the pole in service 
ready tu receive its 
lamp. Therefore there 
is appended the _ cost 
of materials used _ to 
form the connection be- 
tween the lamp and the 
end of the duct leading 
tu the main conduit, 
that is, from where the 
wires reach the concrete 
base to the lamp. This 
cost is based on _ the 
materials used for nine 
poles; in future work 
the above cost will 
be reduced about $5 
by the use of loom 
tubing for the rub- 
ber covered wire in 
place of the weather- 
proof braid. 

Considering the fact 
that the life of a wood- 
en pole is quite limited 


and that such poles must 
be painted annually, ata 
cost of about a dollar, 
there seems to be no 
question that the 
crete pole is more 
nomical, especially 


con- 


eco- 


where 








the Which it 


two 


ground, to 
pairs of 
placed 12 ins., 


end of the pole. 


was firmly secured by 
fox-wedge bolts, one pair being 
and the other 42 ins., from the 

Near the top, and 29 ft. 7 ins. 
from the edge of the masonry, was hung a plat- 
form which could loaded with cast-iron 
weights. A view of the pole under test is shown 


be 


in Fig. 9. The record of the test is given in 
Table II. 

It is seen that the pole developed a moment 
of resistance of 528,000 in.-lbs. before showing 
any signs of failure. The yield point appears 


o have been reached when the bending moment 


was 628,000. The maximum moment developed 
was 800,000 in.-lbs. At this point the measured 
deflection was 27.2 ins., but as the loading plat- 
form touched the ground, this measurement is 
somewhat too low. 

The arrangements at hand did not permit 
carrying the experiment any further, and the 
most important sign of failure was the appear- 
ance of the tension cracks in the base back of 
the edge of the supporting masonry. One of 
these started at the top, 34 ins. from the end 


Standard Tests of Drain Tile and Sewer 
Pipe.* 
By A. MARSTON? and A. O. ANDERSON.f 
It has 


become 


apparent that there is great need of 
standard test requirements for sewer pipe and drain 
tile. Occasional notices appear from time to time in the 


engineering periodicals showing that inspections of old 





pipe sewers frequently show a considerable percentage 
of cracked pipe. During the past year an especially 
disastrous failure of large cement drain tile occurred in 
sac County, Iowa, the damage running up to several 
thousand dollars. Following this failure, intelligent 
and reliable experts have made examination of a num 


large tile drains in 
and they report that many 
found cracked, 
7 or 8 ft 

It is of great importance, 
sewer pipe and drain tile 
gated, and that standard 
standard strength 
against failure. 


ber of the northern part of the state, 
of the pipe in such drains are 
when the depth of earth filling exceeds 
therefore, 
should 


tests 


that the strength of 
be carefully investi 
should be devised and 
specifications adopted which will insure 
In the absence of standard specifications 
for tests, great differences in the methods of making tests 
have practice, with the 
remains extremely 


developed in 
knowledge of the 


result that our 


strength deficignt, 





i the wires are placed un- 
ee derground. The basis 
il 
: for this statement 15 
| seen in the figures be- 
| low. 
lor comparison with 
ee these reinforced-concrete 
g. 8 Reinforced- poles, an estimate may 
Concrete Arc-Lamp be made of the cost 
Pole in Place, St. of a wooden pole, with 
Marys Canal. a pipe leading up the 
outside, with a goose 
eck a he top, and set in a concrete base, as 
lows 
12 2-in. 36-ft. stick of fir at $30 per FIG. 9. 
M. ft Miocoseketcece sco ereer $12.96 
i € nd top ASUING . 2. cece secreces 3.08 J 
i ‘ wr tahor tt mming pole at $2.25. 9.00 of the pole, and extended diagonally downward 
Ox 22 to a point 50 ins. from the end at the lower 
Cost of pole im yard... ....cecrcccerssvcess $25.33 oe : 
rransportation of pole to site ic 3.00 surface; another one started 46 ins. from th 
Erectior neluding concrete ee ee ae sane ped end at the top and reached the lower surface 
I { ame as tor concrete poie.......-. a=). 06 ae 5 , . 
wi ee sc Db) ins. from the end of the pole; the third crack 
Total cost of wooden pole in place and wired... mentioned in the notes was between these two 
The strength of the concrete pole was deter- ind very short. The holding down bolts were, 
mined by a test of a pole molded for the pur- as already stated, 12 ins. and 42 ins. respectively, 
pos without the central pipe, top casting, and from the end of the pole. After the load was 
steps, but in other respects the Same as the reg- removed the deflection decreased to 12°% ins., the 
ilar poles small tension cracks along the pole in the upper 
Five feet in length at the butt of the pole side, extending about half the depth, remaining 
rested 1 mass of masonry, about 3 ft. above plainly visible. 
TABLE II.—RESULTS OF TEST OF REINFORCED-CONCRETE ELECTRIC-LAMP POLE 
‘ Bending 
lime Applied moment, Deflection, 
m load, Ibs. -in.-lbs ins Remarks 
(Dead 
2:22 2,030) 397,800 7.0 Weight of pole beyond support. 
90 $29,740 wl Weight of platform. 
232 2 No cracks visible. 
300 2 No cracks visible. 
268 2 No cracks visible. 
> 40) 136 + Seem to be slight cracks on tension side along whole length. 
1 136 9 Deflection increased 0.5-in. in 30 mins. with no increase of load 
no7 577,800 a No change in cracks. 
DTT a No change in cracks. 
648 9 No change in cracks. 
720 653,300 6 No change in cracks 
788 677,800 4+ Small cracks develop near base on tension side. 
S56 701,800 6 No change. 
925 726,300 1 One diagonal tension crack developed in base back of edge support—south 
side only. 
994 750,800 24.7 Two additional diagonal tension cracks appeared on south side only, back 
of edge of support 
1.062 774,800 26.5 One diagonal tension crack developed on north side. 
3:45 1,132 799,800 2.2 Three diagonal tension cracks on each side—open up slightly. 
(Dead Platform touches ground. 
3:05 2,030) 12.7 


TESTING A REINFORCED-CONCRETE ELECTRIC-LAMP SUPPORT. 


ind that it is as 
tandard strength 


impossible to 


yet 
specification. It 


make a reasonable 


is exceedingly impor 


tant that uniform methods should be adopted and used 
by all. 

The cardinal qualities of drain tile and sewer pipe 
are: (1) the quality of the material, and (2) the strength 


of the pipe 
The quality of the material is a cardinal quality, be- 
cause the pipe will disintegrate and go to pieces unless 


the material of which it is made is of such durable 
quality as to resist all disintegrating agencies. A cement 
tile must be made of hard, dense, uniform, and com- 
paratively impervious concrete in order to resist the 
action of destructive agencies, and to prevent their 
reavy penetration into its pores. In the same way, 


soft and underburned sewer pipe or clay drain tile are 
unsatisfactory, since such pipe cannot resist the action of 
freezing and thawing, and may disintegrate from other 
agencies. Also, a laminated structure in clay drain tile 
or sewer pipe prevents resistance to 


frost and causes 
failure. High bearing strength of the pipe, as a whole, 
is not a satisfactory indication of the quality of the 


material from which the pipe is made, for high strength 
may be secured by using thick walls. Drain tile or 
sewer pipe with thick walls may be strong enough, and 
yet may be porous and disintegrate 

Two simple tests may be made to determine the quality 


of the material of which drain tile or sewer pipe are 


a paper presented at the annual meeting 
of the Iowa Engineering Society at Des Moines, lowa, 
Feb. 15-17. It has been presented also before the Iowa 
Cement Users’ Association, the Iowa Brick & Tile Man- 
ufacturers’ Association, and the Iowa State Drainage As 
sociation. The first two of these organizations have al- 
ready adopted the specifications proposed. Prof. Mars- 
ton is to present the subject also at the annual meeting 
of the American Society for Testing Materials, in June. 
*Dean of Engineering, Iowa State College, Ames, Iowa 
tAssistant Engineer, Engineering Experiment Station, 
Iowa State College. 
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made; the absorption test and the determination of the 
modulus of rupture. The absorption test is of great im- 
portance for cement and clay tile. In the case of cement 
tile, the agencies tending to destroy the concrete cannot 
act with much rapidity unless they obtain access to the 
interior of the concrete wall In the case of clay tile 
the action of freezing would not be of much importance 
unless water could obtain access to the interior of the 
walls. Hence, the absorption test has a greater im- 
portance in testing drain tile and sewer pipe than in the 
case of most other materials of construction. For this 
reason, and because it is simple and easy to make, we 
advocate it as one of the standard tests for drain tile 
and sewer pipe 

By the modulus of rupture is meant the tensile break- 
ing strength of the material of the pipe wall, as calcu- 
lated from the results of the bearing strength test. The 
determination of the modulus of rupture requires no in- 
dependent test of the material, and it will probably give 
an important indication of the quality of the material 
The modulus of rupture for drain tile and sewer pipe, 
alculated as above, exactly corresponds to the modulus 


e 


of rupture of paving brick calculated from the results 
of transverse tests 

Hence, we recommend three standard test requirements 
for drain tile and sewer pipe: (1) the per cent. of ab- 
sorption, (2) the modulus of rupture, and (3) the bear- 
ing strength of the pipe These three test requirements 
involve two standard tests: the absorption test and the 
bearing strength test 


Methods of Making Absorption Tests. 


The making of absorption tests has been standardized 
for paving brick, but not for other materials. The 
standard method for paving brick can be used as a basis 
from which to start in determining the standard method 
for drain tile and sewer pipe. Studying these standard 
requirements, there seems to be no reason for varying 
the process in any material point except in the -case of 
the time of immersion. In the case of paving brick, the 
standard time of immersion is 48 hours Our tests of 
drain tile and sewer pipe, as well as those of brick, 
indicate to us that it will be safe to reduce the standard 
time of immersion to 24 hours for drain tile and sewer 
pipe. As this cuts the time required in half, we recom- 
mend this change Our full standard specifications will 
be found given in detail below. 


Methods of Testing Bearing Strength. 


In tests of bearing strength of drain tile and sewer 
pipe great difference in practice has developed. It will 
be unnecessary to discuss all of these. For example, it 
has been the practice of some to completely surround the 
pipe, during the test, with sand enclosed in heavy frame- 
work, but this method is no longer used, so far as the 
knowledge of the authors extends. Three methods have 
urvived to such an extent that they are worthy of 
further discussion 

(1) Concentrated Loading.—In this method the test 
load is applied along a line, or a very narrow strip, at 
the top and bottom of the tile Some plan must be 
used for insuring comparatively uniform distribution of 
the load, and for this purpose it is considered necessary 
to introduce a packing material of some kind between 
the bearing block and the pipe. Prof. Talbot (University 
of Illinois) uses a piece of fire hose; Mr. Boynton 
(Universal Portland Cement Co.) uses a strip of rubber 
packing. 

There are numerous objections to this method: (1) the 
test does not subject the pipe to forces approximating 
those which it must stand in the ditch. (2) Even when 
packing is used, there is no method of securing very 
uniform distribution of the load upon the pipe, especially 
if the pipe is slightly warped, which is very apt to be 
the case with hard-burned clay pipe. (3) The method 
does not admit of satisfactory distribution of pressure on 
the bells of sewer pipe, as well as on the straight part. 
(4) The packing used must, by its yielding, introduce 
splitting stresses. The use of packing has been abandoned 
for crushing tests of building materials for this reason 
The splitting stresses would be of especial importance 
in a strength test of drain tile or sewer pipe, in which 
failure must occur by tension. 

As a variation of the method of concentrated loading, 
Mr. Boynton has proposed supporting the pipe on two 
half-rounds at the bottom, spaced 2% ims. apart, and 
applying the load by one half-round at the top using 
strips of rubber packing at both top and bottom. The 
authors consider this method open to all the objections 
already stated, and to the further objection that it in 
troduces a method of loading which varies for different 
sizes of pipe If the 2%-in. spacing of the lower half- 
rounds is adopted for 6-in. pipe, then to obtain the cor- 
responding loading for a 12-in. pipe the spacing should 
be 5 ins., 10 ins. for 24-in., 12% ins. for 36-in., and 
so on. If this so-called three point method were adopted, 
therefore, the strength of any particular diameter of 
pipe would depend upon the method of testing as well as 
the quality and dimensions of the pipe. 

(2) The Combined, or Brooklyn Method.—For many 
years the engineers of the borough of Brooklyn, N. Y., 
have provided regular strength tests and requirements in 
their specifications for sewer pipe. At first they surrounded 


the pipe by sand in their test, but now apply a con- 
centrated load along the upper part of the straight por 
tion of the sewer pipe, while bedding the pipe in sand 
at the bottom No load is applied to the bell. This 
method undoubtedly gives more nearly the actual strength 
of the tile in the ditch than the method of concen- 
trated loading But we believe it will give materially 
less loads than a sewer pipe or drain tile will carry under 
actual average ditch conditions, if they are laid with 
proper precautions. Moreover, it is open, so far as the 
top loading is concerned, to the other objections raised 
to the method of concentrated loading 

(8) Recommended Standard Method for Testing Bear- 
ing Strength.—-The Engineering Experiment Station of 
the Iowa State College has been making tests of drain 
tile and sewer pipe for several years When this work 
first began, we made a careful study of actual ditch con- 
ditions, and devised a standard method which repro- 
duced these conditions as far as practicable in a labo- 
ratory test which could be carried out with uniformity by 
different experimenters in different laboratories. The 
Engineering Experiment Station is just publishing a bul- 
letin upon standard tests of drain tile and sewer pipe, 
describing this standard method in detail, giving plans 
for inexpensive testing machines by which it can be car- 
ried out, and giving the results of several hundred stand- 
ird tests of cement and clay drain tile and sewer pipe. 
In t method the pipe is bedded for one-fourth its 
ircumference at both top and bottom in sand, and the 
load is uniformly distributed over the upper surface of 
the top bedding of sand. This method has proved very 
gatisfactory during several years of use We have had 
opportunity to make comparison of the results with the 
actual loads of earth filling which have caused failure 
of large pipe in drainage ditches, and our standard 
method seems fairly to indicate the strength actually de- 
veloped in the ditch under average actual conditions 
Our standard method enables the load to be uniformly 
distributed over the pipe, regardless of unimportant Ir- 
regularities in the shape. It avoids al! splitting stresses 
due to packing material in the bearings Sand is a 
material which can readily and cheaply be obtained in 
any community for the standard test. By marking the 
pipe in quarters before testing, accurate bedding in the 
sand is readily insured both above and below, and the 
method is, therefore, accurate 

The method permits the testing of pipe with bells as 
readily as those without, since the bells (as well as the 
straight pipe) can be embedded in the sand bearing. We 
have made numerous tests of sewer pipe with bells, and 
find no difficulty in such work. It can be adopted for 
field tests without any testing machine whatever, by 
simply piling brick, sacks of cement or earth, or other 
convenient material upon the pipe 

The method is equally fair to cement pipe and to clay 
pipe It is a simple method which can be carried out by 
any competent engineer, or by any competent superin- 





tendent of a factory It does not require translation to 
enable its results to be understood by people who are 
not engineers or manufacturers, which is not the case 
when such tests are made with concentrated loads, since 
these do not give the actual strength of the pipe as used 
in the ditch For all these reasons, therefore, we 

rongly recommend the adoption of this method as the 
standard method for testing the bearing strength of drain 
tile and sewer pipe 


Testing Machines for Bearing Strength. 


To enable the standard strength test to be made 
where drainage or sewerage work is in progress, we have 
devised home-made testing machines which are within 
the reach of every city, county, drain tile or sewer pipe 
factory, or even the means of the drainage or sewerage 
engineer Our “‘Ames Junior’ testing machine consists 
of an ordinary platform scale of 2,000 Ibs. capacity, 
placed in a wooden framework, with an ordinary jack- 
screw to apply the pressure. We find that the 2,000-Ib 
scale can ‘readily be loaded to 5,000 lbs. without injuring 
it In addition, we have devised a lever by which, using 
a longer framework, the same machine can be used for 
tests up to 10,000 Ibs. without loading the scales beyond 
the 2,000-Ib. rated capacity. We designate this larger 
machine the Ames standard testing machine. Either 
of these machines can be built at a cost of $50 to $60 

Prof. Talbot, of the University of Illinois, has devised 
1 home-made testing machine in which the load is 
ipplied simply by a lever, and which, with a platform 
scale for weighing the load, would probably cost little 
if any more than those which we have devised Mr 
C. W. Boynton has devised machine similar to our 
Ames ‘‘Junior’’ machine which could probably be made 
for $75, including scales Although we do not advise 
the use of his so-called ‘‘three-point’’ bearing, yet his 
machine could be used with our standard method by a 
slight variation in its construction 


Specifications for Standard Absorption Tests. 


1. The specimens shall be approximately 3 ins. square 
and shall extend the full thickness of the pipe wall 
with the outer skins unbroken 

2. Five individual tests shall constitute a standard 
test, the average of the five. and the result for each 
specimen, being given in the report of the test 

3. Each specimen shal! he dried in an oven or by 


other application of artificial heat, until it ceases to 








lose further appreciable amounts of moisture when 
repeatedly weighed 

4. All surfaces of the specimens shall be brushed with 
a stiff brush before weighing the first time 

5. The specimens shall be weighed immediately be 
fore immersion, on a balance or le ipabie of a 
curately indicating the weight within 0.1 

6. The water employed shall be pure s« water, at 
the air temperature of a room whiecl irtificially 
heated in cold seasons of the year 

7. The specimens shall be ompletely immersed ir 
water for a period of 24 hours 

8. Immediately upon being removed from the 

the specimens shall be dried by pres e ag i 
1 soft cloth or a piece of blotting paper The i 
be no rubbing or brushing of the specimer > 
weighing shall be done with a balance or ule ipable 
of accurately indicating the weight within 0.1 

9 The result of each absorption test shall be calcu 


lated by taking the difference between the in ul dry 
weight and the final weight, and dividing the remainder 
by the initial dry weight 


Specifications for Standard Tests of Bearing 
Strength. 








1. The specimens shall be unbroken, full sized sam 
ples of the pipe to be tested They shall be carefully 
selected so as to represent fairly the quality of the pipe 

2. Five individual tests shall constitute a standard 
test, the average of the five and the result for each 


specimen being given in the report of the test 

3. The specimens shall be dried by keeping them in 
warm, dry room for a period of at least two days prior 
to the test 


4. Each dried specimen shall be weighed on a pair of 
reliable platform scales just prior to the test 

5. Each specimen shall be accurately marked, with 
pencil or crayon lines, in quarters, prior to the test 


Specimens shall be carefully bedded above and below in 
sand for the one-fourth circumference of the pi 
ured on the middle line of the tile wal! The depth 
bedding above and below the tile at the thinnest 
shall be equal to one-fourth the diameter of the pips 
measured between the middle lines of the tile walls. 

6. The top bearing frame shal! not be allowed to come 
in contact with the tile or with the test load The upper 
surface of the sand in the top bearing shall be care- 
fully struck level with a straight edge, and shall be 
carefully covered with a heavy, rigid top bearing, with 
lower surface a true plane, made of heavy timbers 
other rigid material capable of uniformly distributing 
the test load without any appreciable bending ‘he test 
load shall be applied at the exact center of this top 
bearing in such a way (either by the use of a spherical 
bearing, or by the use of two rollers or rods at right 
angles) as to leave the bearing free to move in both di- 
rections In case the test is made without the use of a 
machine, and by piling on weight, the weight may be 
piled directly on a platform resting on the top bearing 
provided, however, that the weight does not touch the 
top frame holding the sand, and that the weight is piled 
in such a way as to insure uniform distribution of the 
load over the top surface of the sand 
7. The frames for the top and bottom bearings shall be 
composed of timbers so heavy as to avoid any appreciable 
bending by the side pressure of the sand. The frames 
shall be dressed on their interior surface No frames 
shall come in contact with the tile during the test A 
strip of soft cloth may be attached to the 
upper frame on each side along the lower edge to prevent 
the escape of sand between the frame and the tile 

8. The sand used for bedding the tile at top and hot 
tom, shall be washed sand which has passed a No. & 
screen It shall be dried by keeping 
n a warm, dry room 





pe, mea 


point 


or 


nside of the 


pread out thin 





9. The test load shall be applied gradually and wit} 
out shock or disturbance of the tile The application of 
the load shall be carried on continuous! ind the tile 
shall not be allowed to stand any considerable length of 
time under a load smaller than the breaking load 

19. The total breaking load shall be taken as equal to 
the total top load, including the weight of t f > 


sand for top bearing, top bearing timb 
five-eighths of the wei 
hall be divided by the length of 
to give the bearing strength per 





ght of t 









Specifications for Calculating the Modulus 
of Rupture. 


The modulus of rupture for drain tile and sewer 
shall be computed from the results of the standard 
for bearing strength, according to the following rm 

Divide the bearing strength per line t 


multiply the quotient by the radius of the 
of the tile wall expressed in inches, and div 
duct by the square of the minimum thicknes 
wall at top or bottom, also expressed in ir 
quotient will be the modulus of rupture of t} 
pressed in pounds per square inch 


n 








te = 


DIAGRAMS FOR DETERMINING STEAM AND EX 


haust pipe sizes without computation have been prepared 
by Mr. W. J. A. London, Chief Engineer o ie Terry 
Steam Turbine Co., with the idea of ivinge the work 
of computing the proper pipe ze for each ind lual 
installation The curve sheet for steam pipe sizes ena 
bles one to read off the pipe size directly when the 
horse-power, water rate per horse-power and _ steam 
pressure are given The exhaust-pipe size is read off 


similarly, from a second curve-sheet 


power, water rate and back pres 


when the horse 





ure for va 1) are 

known 
The range of the curves is from 0 to 800 HP., 10 to 90 
Ibs. water rate, 24 to 29 ins. of vacuum and 60 to 200 


Ibs. steam pressure 


The pipe sizes shown by the im are based upon 





a steam velocity of 6.000 ft Iry aturated 
steam.) The exhaust pipe diag resembles the other 
but has vacuum diagonals in place of the stean pres 
sure diagonals of the diagram described The exhaust 
pipe sizes are based on a velocity of 24,000 ft 


ner mir 


Reduced copies of the diagrams 


‘an be obtained from 
Mr. F. D. Herbert, General Sales Manager, Terry S$ 
Turbine Co., 90 West St., New York City 
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Water Waste Surveys in Chicago.’ 














One of the most serious problems that confronts those 
n charge of the Chicago water-work s how to cope with 
steadily nereasing rate of consumption of water 
What yme t reat volume of water which is 
imped n pert e best answered by first giving a 
ew fi € ve to the water supply he present 
i] ipacity of the Ch izo water-work system is 
hout 635,000,000 gals. per 24 hours, including the Rose 
1 pumpir tation (50.000 004) gal per day) The 
erage daily impage pe lny for the year 1910 was 
41 maximum daily pumpage was at 
e rat o mals. per 24 hour while the 
maximum daily pumpage was at the rate of 499,000 
OW) ga 
The area of the city is approximately 190 sq. mi. The 
tem o uted over this great area 
! of 23,980 hydrants and 19,710 
te valve is pumped into this sys- 
tem or stations and a portion 
is repumped from three small stations in the out-lying 
territory The supply is obtained from Lake Michigan 
through five intake cribs and brought into the city by 
tunnels under the lake, extending to the pumping sta- 
tions along the shore and in the interior of the city.’ 
There are about 36 miles of tunnels in operation. As 
yon as the new Roseland pumping station is completed, 
in additional intake crib and about ten additional miles 
of tunnels will be placed in service 


The average pressure in the mains at the pumping sta- 
ons is about 50 Ibs. and the average~-pressure through- 





yut the ty i ibowt 57 ft. head or 23 lbs The total 
number of services of all sizes in use at the end of 
1910 was 254,446 The total number of meters of all 
sizes was 15,032 or 5.9% of the total number of ser- 
vice About 18% of the water pumped passes through 
meters. 

The flat meter rate of 621% cts. per 1,000 
cn: i, s approximately a rate of 7 cts. per 
1.000 gals The total revenue received for water for 


the year 1910 amounted to $5,448,257. The revenue re- 

water this year was $2,429,432, and for 
er by frontage service, $3,018,826 The 
laily per capita consumption based on the total pump- 
ize of 517.000,000 gals. per day and a population of 


ved for met 


unimetered w 








2? 185.000 amounts to gals 
The waste water surveys were begun, in a small way, 
about 1906 ‘he first appropriations were small, but 


were gradually increased until in the past two years 
,the city appropriated $55,000 each year to carry on this 
work For the year 1911 the city appropriated $154,000 
to promote water survey work The amount of the ap- 
propriation for each year so far has been returned to the 

tv within the first year. 

The method of urrying on the surveys is what fs 
known as the Deacon system, but a pitometer is 


° 
ised to measure the water instead of the Deacon waste 


eter.4 The surveys were begun in the central portion 

the city by laying out as nearly as possible %4-mile 
ections and measuring the water supply flowing into 
them for a period of one week After measuring the 


supply the districts were subdivided to determine the 


water consumption street by street Following sub- 
division work, house to house inspections were made to 
1acertain the plumbing leakage Wherever defective 


plumbing was found the owr 
Af 
strict was made to determine the amount 
to defective plumbing. 


or tenant was notified to 
rs were completed, a re- 








er the rep: 


so showed approximately the amount 
leakage in the street. A fairly close de- 
was made by assuming the rate 
1 from midnight to about 4 a. m 





ie to underground leakag Some allow- 

vas made for legitimate usage This 

vance varied from 10 to 50% of the minimum night 
ite of flow, depending upon the class of consumption 


PLUMRING LEAKAGE.—Where the water-supply is 


nmetered, the consumer generally pays little attention to 
the amonnt of water used or wasted on his premises so 
oO is he obtains suff ent water for his need For 
this reason, where the property not metered, house-to- 
house inspectio hould be made from time to time and 


the owner or tenant should be required to repair all 
umbing fixtures found leakin 





Such inspections gen- 


erally require two or more visits After the first in 
pection the ywner or tenant was generally given ten 
lays’ notice to make plumbing repairs Upon failure to 
lo this the water was turned off until the request to re 

r wa mmplied with This rule did not work a 


hardship where there was no attempt made to evade the 


request nd an extension of time was usually granted 


per read at the annual meeting of the 
ply Association, at the University of 





iter Survey Department of Engineer 





i tem of the Chicago water-works system 
was described in Engineering News, Oct. 18 and Nov. 8 
1990; Aug. 31, 1899, and Nov. 14, 1907.—Ed 

‘The earlier work with the Cole-Flad pitometer was 
described in our issue of Dec. 15, 1904.—Ed 





when it was found the owner was complying with the 
request in good faith 

The second inspection was made ten days after the no- 
tices were sent out to ascertain if the order to repair 
was complied with and also if the repairs were made 
properly. It was not uncommon to find repairs paid for 
n good faith by the owner, which were unsatisfactory. 





le instruction on the part of the city plumbing in- 
pector usually served to obtain good workmanship. The 
plumber making repairs learned that it was more profi- 
table to make repairs properly, particularly when the 
work was inspected by a competent inspector. By the 
ime of the third and sometimes the fourth inspection of 
the premises was made, the plumbing leakage was 
topped and good repairs obtained. 

It is very important that the house-to-house inspections 
ind the plumbing repairs be carefully and thoroughly 
made. Otherwise determinations of the amount of leak- 
age due to defective plumbing and also due to under- 
ground leakage and losses outside of the meter will he 
misleading. During 1910, 82 plumbing inspectors were 
employed almost constantly on this inspection work. 
They were divided into field parties of ten men each and 
were assigned to %4-mile districts previously surveyed by 
the pitometer field party. The time necessary to thor- 
oughly inspect and repair the plumbing in a district 
averages from four to seven weeks. The plumbing leak- 
age in the territory surveyed wastes about 33% of the 
water supplied 

The elimination of the plumbing leakage was not the 
only benefit derived by repairing defective plumbing 
A considerable increase in the water pressure in each 
district was generally found after making repairs. Com- 
paratively few complaints of low pressure were received 
during the past summer months from those districts in 
which the plumbing was repaired. The following state- 
ment is quoted from a report by Mr. John Ericson, City 
Engineer, and is given as an illustration of the effect of 
reducing waste and leakage 

If half of the water pumped is wasted or leaks away, 
the pumps have to force into the mains twice as much 
water as is otherwise necessary, and this means a 
velocity in the pipes of at least twice the necessary ve- 
locity Since the friction increases as the square of the 
elocity, the conclusion to be drawn {1s that if the pump- 
ige can be decreased 50%, the pressure can be increased 
four times without any additional expense, or in other 


words, the same pressure as before can be maintained 
at about one-fourth the cost of fuel 


UNDERGROUND LEAKAGE.—This loss of water is due 
principally to defective mains and old service pipes. The 
loss from defective street mains is due mainly to joint 
leakage, to electrolysis, and occasionally to broken pipes. 
The joint leakage is comparatively small, but the losses 
due to electrolysis are often quite serious. The leakage 
caused by electrolysis is confined to sections or zones 
and is not believed to be serious over the general area of 
the city. In the territory surveyed the leakage wastes 
from 25 to 385% of the supply. The most important 
underground leakage is due to the old, unused and aban- 
doned service pipes in the streets, that have opened or 
given away under pressure. The reason for this loss 
may be understood when we stop to consider the great 
number of such service connections and the constant 
changes and liability to damage of service pipes after 
installation 












When a water main is laid or extended, a_ service 


pipe is laid every 25 ft. on both sides of the street. As 
the street grows or improves, some of these services are 
connected up, but a great many of them are never 
used. Later on those in use are frequently replaced with 
larger ones. The boxes at the curb or walk, which were 
installed to mtrol the services, very often disappear 
with street improvements or for other reasons, so that 
the service pipe cannot be located Unfortunately when 
leak, the water usually finds 
way to the sewer instead of showing on the surface 
of the street and the loss goes on indefinitely. 


a service pipe begins to 





The method which we have adopted for determining 
underground leakage is to measure the flow at night, 
street by street Where there are gate valves on the 
main at street intersections the leakage for any block can 
be measured by the pitometer If the leakage is too 
small to create sufficient velocity in the main, the amount 
of the leakage is difficult to determine by this method. 
Small losses may be measured by closing the gate valve 
on the inlet and by-passing the water through a meter 

One of the features of the survey during 1910 was th: 
street improvement work, which consisted in testing the 
street mains before the paving was laid. Where the 
leakage was found excessive the mains were uncovered, 
and recalked and all unused services disconnected. The 








mains inside ‘the ‘‘loop district or principal business 
section have been pretty thoroughly overhauled in thir 
manner. Beyond this territory, the appropriation for 
operation and mainter e did not permit this work on 
an extensive scale. This improvement work is sufficiently 


important to be carried on constantly (as is done by the 
Peoples Gas Light & Coke Co.), particularly at the pres- 
ent time, when the tendency is toward heavier paving 
foundations 

Western Ave. was recently paved for several blocks 
both north and south of Chicago Ave. Prior to paving 
the 12-in. main in the street was tested for leakage and 
found to be wasting considerable water. In one block 


this amounted to 750,000 gals. per day. The sewers in 
the immediate vicinity were inspected and clear water 
was found running in them. There were 26 services in 
this block from the main, three of which were in use and 
were completely broken off at the top. This 12-in. 
main was laid in 1895 and it is believed the settlement 
of the dirt and rock fill tore away the lead service pipes. 
A 12-in. main in Plymouth Court, from Polk to 12th sts., 
was uncovered and stripped on account of the heavy 
leakage found by the subdivision survey. A total of 
130 services were found connected to the main, 18 of 
which were leaking and only 21 in use. The loss from 
the 18 leaky services amounted to 325,000 gals. per day. 
All the services not in use were cut off and plugged at 
the main. The cost of stripping this main, which lay 
under a street car track, was less than $2,000, while the 
saving in the cost of supply amounted to over $3,000 the 
first year. 

It is not intended to convey the idea that the under- 
ground leakage is everywhere as serious as the cases 
just cited. The subdivision tests show portions of dis- 
tricts where the night flow is small and stripping the 
mains is not warranted In nearly every district, how- 
ever, some streets were found in which the leakage is 
high, which would pay a substantial return on the cost 
of stripping the main, including the cost of replacing 
the paving. The surveys show that the underground 
leakage in the streets is more or less universal and gen- 
erally small but occasionally it is quite serious. The 
leakage will increase and become a menace if steps are 
not taken to eliminate it. Provision should be made in 
the appropriation for operation and maintenance each 
year to strip the mains of old services not in use, where 
the underground leakage is found to be excessive. The 
work could be done at a minimum cost at the time the 
paving is relaid. 

METERS.—The number of services in use is approxi- 
mately 254,000, about 6% of which are metered. Many 
American cities have adopted the policy of totally me- 
tered systems. This policy has many advantages, but 
the important consideration with Chicago at present is 
not the question of such a policy so much as is the 
question of more meters. The principal advantage of a 
meter is, that it is the best waste water inspector and 
perhaps the best regulator of revenue. A meter, how- 
ever, will not stop the underground leakage. 

Milwaukee, a practically totally metered city, has an 
unaccounted-for supply of about 40% Cleveland, ac- 
cording to a report of Mr. Edward W. Bemis, accounts 
through meters for all but 8% of the water leaving the 
pumping station. Allowing for a little slippage of meters 
there seems to be very little or no unaccounted for or 
underground leakage in Cleveland. 

The effect of metering 94% of the services in Cleveland 
resulted in decreasing the consumption about 70 to 8&0 
gals per capita. Greater results from metering alone in 
Chicago may not reasonably be expected as the _ per- 
centage of underground leakage is about four times as 
large, and, therefore, a smaller percentage of water 
pumped remains to be effected. The present high daily 
per capita consumption in Chicago could be decreased 
greatly by metering and by overhauling the underground 
work, wherever the leakage found justified the repairs. 
The result of this procedure would probably result in 
decreasing the present consumption 50% 

GENERAL.—Many cities are compelled to adopt mea 
sures to conserve their water supply because the supply 
is limited. In Chicago, however, this is not the case as 
there is an abundant supply close at hand. Unfortu- 
nately, however the water does not flow into the water 
mains but has to be pumped at a great total cost. In 
the 50 or more districts surveyed up to the present time 
in the older and central portions of the city the indi- 
cations point to the fact that only about 33% of the 
water pumped is actually used The remainder is lost 
through defective plumbing fixtures and by underground 
leikage. Some one has to pay for the water that is 
wasted, and when the unaccounted for supply become 
such a large percentage of the total pumpage the ques 
tion of curtailing the waste and leakage is a vital one 

The total amount of water saved for 1908 was 9.939.000 
gals. per day; 12,613,000 gals. per day for 1909, and 
15,000,000 gals. per day for 1910. The Water Survey 
Division spent about $35,000 for survey work in 10S, 
about $44,000 in 1909, and approximately $55,000 in 1910 
These figures show that it cost about 1 ct. per 1,000 





gals. to save water based on a permanency of one year 
for plumbing repair work. The life of repair work is 
undoubtedly much greater than this, possibly 4 or 5 
years anda portion of it may be said to be permanent work 


eh 


SURFACE}RAILWAY CONDITIONS in _ Providence, 
R. I., and Buffalo, N. Y., are to be investigated by Mr. 
B. J. Arnold In Providence the immediate object is 
the improvement of the service, and Mr. Arnold has 
been retained by the Mayor and Common Council 

In Buffalo, it is proposed to refinance the Interna- 
tional Traction Co. The Public Service Commission for 
the Second District of New York required an appraisal 
of the physical property as a part of this work. The 
choice of Mr. Arnold as appraiser was made by the 
company and approved by the Commission. 








March 2, 1911. 


A Pneumatic Muck Ejector with Auxiliary 
Air Supply. 

A specialized form of pneumatic muck ejector 
used in caisson foundation work at Aarau, 
Switzerland, is described by G. Liischer, its de- 
signer, in the “Schweizerische Bauzeitung” of 
Dec. 5, 1910. It is shown in the diagrammatic 
drawing herewith, reproduced from that journal. 
The ejector comprises a hopper-bottom muck 
tank, a valved discharge pipe leading from the 
bottom of the tank to the open air, a valved 
auxiliary air pipe leading into the discharge pipe 
it an acute angle, and a water pipe for furnish- 
ing water to keep the contents of the tamk in 
fluid condition. The tank is made in sections 
so as to permit taking it through the air-lock. 
The discharge pipe as used was of 3%-in: di- 
ameter, the auxiliary air pipe 2-in.; the latter 
pipe joins the discharge pipe at a forward angle 
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concrete caisson used in the Aarau work Cais- 
son chambers of this material re finding in 
creasing use in European pract ; the inner 
face is sometimes stepped instead of inclined 





‘Improvement of Port Facilities at Kobe 
Harbor, Japan. 


By H. McL. HARDING,* Assoc. Am. Inst. Ele E 
Many of the European harbor terminals ha 
been built and equipped for a number of years, 
and much that we see when we visit these ports 
would not be duplicated by the engineers who 
formerly constructed them, if they were to de- 
sign new works to-day for the same harbors 
It has been regretted by eminent engineers that 
the world-famed quays and docks at 
Eng 


certain 





lish ports have been so massively construct- 


ed, on account of the present great difficulties 


in making desired ind 
necessary improvements, 
due to hanged condi- 


tions of traffic and the in 
creased size of 
steamships 

Kobe, Japan, is a long 
distance 


from 


Ham- 





aa verpool, the 
| A E ‘i « Fieducing . two _s st mportant 
: o ==. Nes Soe stat « ports” of Europe but 
= I | | & a” From Compre f the Japanese have in 
Bo a A Sone iy | { cone Valve Kobe adopted the most 
err ‘ ‘ NS ‘ | _ - advanced methods 
7.0 aN Ira, quay and pier con- 
=. = . ; fora P struction for their lead- 
¢ wr . \ . dakidal, ; oo. ing export and import 
aN . > ANAC city The export and 
~ > \N import tonnage of Kobe 
aN ‘¥ . . : as = for the last year was 
WWNilee aN » 200,000 tons igainst 
SN . ‘ 1,600,000 tons for Yoko 
| hama. 
; 4 ‘a Pr : A half century ago the 
ts Ne seaport of Kobe was a 
; N lonely fishing hamlet 
. ; : In 1867 it was opened 
: : A to foreign trade, and in 
\ |} ; 2 the following year four 
“DS a 2 4 INNS ‘ landing places 
ie S52 % % warehouses were  con- 
ei: i structed From 1873 t 
{ 1901 sheds and ware- 
houses were added un 
til in 1901 there were 
eight warehouses cover- 
- so2e ing 20,550 sq ft and 
oe fourteen sheds with 165,- 
» SoZ sq. ft 
Pome IS LOLOL DET, EBT IT Ose FRIES The freight handling 


MUCK EJECTOR USED IN FOUNDATION CAISSON AT AARAU, ee 


SWITZERLAND. 


of about 45 The compressor supply is at fairly 
high pressure, being used also for operating 
pneumatic hammers; the caisson supply is taken 
through a reducing valve. The auxiliary air is 
taken at the high pressure. 

In operation, the tank is filled with muck, and 
if this is clayey in nature sufficient water is 
added to enable it to be blown out; sand is 
handled without water addition. The discharge 
valve being kept closed, the auxiliary air valve 
s opened, producing a strong ejector action in 
the discharge pipe. Then the discharge valve is 
opened, and the muck is blown out very rapidly. 
The tank is kept constantly supplied by shovel- 
ers; whenever the tank becomes nearly empty 
the discharge valve must be closed at once, to 
prevent serious loss of air from the caisson. 

The working principle of the apparatus is that 
the caisson pressure is utilized only to force the 
material far enough for the ejector action of the 
auxiliary air to take hold of it; the latter then 
does the main part of the lifting. Thus it was 
possible to blow muck from a depth of only 7 to 
10 ft.. whereas with the simple blow-pipe a 
depth of over 30 ft., i. e., a pressure of about 15 
Ibs., had to be reached before muck could be 
handled in this way 
The drawing shows also the form of reinforced- 


consisted 
of nine cranes of 09 to 
3oU tons capacity There 
were then five small piers, one being privat 
property Other piers and sheds were grad 
ually provided and a safe moorage for ligh 
ers was secured by two breakwaters, one upon 
the east and one upon the west 
In 1907 it was decided to reclaim the sea 
front, build longer and wider piers and extend 
the accommodations on shore, the work to be 
finished in ten years. The work 


in progress three-years. 





One detail of the harbor work, the building and 
placing in position of the reinforced-concrete 


caissons, for the piers, is of special interest 
to engineers. Each caisson is 11° ft mg, 50% 


] 
l 
ft. high, 24 ft. wide at the top, and 34 ft. wide 
at the bottom The reinforcement is of iron 
bars one-half or three-fourths inch in diameter. 
Each caisson is divided into 20 compartments 
10 on each side of a concrete partition which 
runs through the center f the caisson \ 
completed caisson weighs 1,900 tons 
In moving the caisson into place a kind of 
floating dock is brought alongside the construc 
tion pier, and a portion of this dock is passed 
underneath the caisson, so that when the water 
is pumped out of the dock, the caisson is lifted 
off its supports. The dock is then moved away 


*Consulting Engineer, 20 Broad St., New York City 


from the pier and again sunk, leaving the 

son floating. The caisson is then towed into 
position, filled with water and sunk to the bot 
tom. 


The wells in the caisson are then filled with 


i fi 
concrete nd sand, which, in due course, form 
one solid mass weighing 5,500 tons Ten ¢ 


these caissons will form one pier 

The general plan of the harbor works 
follows: The reclaimed foreshore will extend fron 
the point of the headland on the east toward 


the west, the sea having a _ uniforn lepth of 
vater of about 20 ft at this part A sea 
wall and quays or piers will be constructed upon 
the re imed ground; foreshore walls and land- 
ing stages will ilso be provided The total 


area of the reclaimed ground will be about 2, 
SSO,OUO sq. ft Its height will be 11 feet above 
the mean low-water level 

The total length of the quay walls will be 
Joo ft., the length available for loading and 
unloading being 8412 ft. Assuming that on 
each six feet of the quay 1,500 tons of cargo 
an be handled in a year, the total accommoda 
tions of the quay for landing and discharg 
will be 2,100,000 tons per annum Nineteen 
steamers, representing a total tonnage 
134,000 tons, can be moored alongside the quay 
walls at one time 

Landing stages, 1,797 ft. long altogether will 
be set up, one at the northwestern corner and 
two others at the foreshore of the reclaimed 
ground, and will be available for the loading 
and unloading of lighters with a draft not ex- 
eeeding 9 ft The walls of the remaining fore- 


hore of the reclaimed ground will be availabl 


for mooring steam launches with a draft of 
out Y ft A sea-wall projecting from the 
eastern end of the reclaimed ground will be about 
2,400 feet in length and its top will be from 
16 to 20 feet above low-water level 

The sheds to be 


one for cargo dealt with on quays, made of iron, 


erected are of two 


classes 


and the other for cargo dealt with at the land- 


rie 


ing stage, made of wood The iron sheds will 


cover an area of 602,640 sq. ft. of ground, and 


will be placed at a distance of about 20 ft 
from and parallel with the quay walls. 
Between the sheds and quay walls, lines f 


of 
rails will be laid down for the ransit of good 


hich do not requir the sheds. In addition, 
a line of rails (wide gage) will be constructed 


for the traveling cranes, with the smaller rails 


between Behind the sheds there will be cx 


structed another line of rails for the conveyance 


of goods to and from the sheds 


Transferring Machinery. 


Stationary and traveling cranes will be used 


on the quays, and are to be worked by electric 


power generated in the compoun The sta 











onary cr will be of 30 to 50 ton capaci 
ties The veling cranes may be moved to 
any point required, and will be used for dis- 
harging and loading direct from and to steam- 
ers, the lifting capacity ranging from 1% to 5 
total number of cranes I ao I 
rising 2 st onary cranes; 52 traveling crar 
ind ©» hand-po r cranes and n additior pre 
A ns and the other of 5 tons ng power 
r the landing stage. In addition to the cranes 
ver 50 capstans, all operated by electric power 
vill be provided for mooring vessels and mo 


ng goods trucks. 


The gantry cr 
ferring the rg 
iTs € NV 


and Varehouses 





there must be 


additional expense ind th accompanying loss 
from breakage ind thefts At the time the 
plans were made, the gantry cran vas con- 
lered the most efficient type 
Should, however, the latest modified tra ng 
ranes be installed wit 1 numb of ectrie 
nsfers in the place of the gantry and fixed 
ranes n he irgoes could be transferred 
ym any one of a ship’s hatchway to cars lo 


ited anywhere on the 


tracks, or into any of 





bo 
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the sheds, or to any portion of the compound, 
or even to the warehouses, all without any re 
handling, serving areas, including tiering, also 
without rehandling, and with a continuous ra- 
pidity of unit movements, without congestion or 
interference There would be produced not only 
economical transference, but also a great re- 
duction in the time of discharging and loading. 
This would enable not merely 250 tons for each 
foot of quay length to be handled yearly, but 
from 375 to 500 tons per lineal foot This re- 
juires no new types of machinery, but a better 
engineering adaptation and combination of the 
existing mechanism which has been long in oper- 
ition. 

It will be noticed that at Kobe, as well as at 
all other important ports abroad, the cargo hand- 
ng machinery is to be purchased and installed 
by the government. At all other important 
foreign ports, the different governments have 
realized that no other investment in harbor im- 
provements could produce as much return in 
dey 





loping commerce, as improved machinery. 

This important fact does not yet seem to be 
appreciated by the Federal, State or City Gov- 
ernments of the United States, and therefore 
little or no machinery is installed, even on piers 
owned by the public. It is not sufficient for the 
State or local authorities to build substantial 
piers, but they should be equipped with ma- 
chinery able to move cargoes any reasonable 
distance from the ship’s side without rehand- 
ling. On account of the State or City authori- 
ties in the United States not realizing this, and 
not equipping their piers with machinery, man- 
ual labor with its great expense, is still retained 
at most American ports 
The magnificent Commonwealth Pier in Bos- 
ton is an example of a fine pier never used to 
but a fraction of its capacity, on account of lack 
of freight transferring equipment to attract ves- 
sels and also because it has no proper connec- 
tion with the rear land or with the railways. 
Abroad it is considered as necessary for the 
government to thus equip the piers as to build 
them. 

Until such equipment is provided, it will not 
be possible for the terminal charges on freight 
commerce at United States ports to be as low 
is that of its foreign competitors for the world’s 
trade. Not only can we learn the above lesson 
from Japan, but also that the water front with 
its piers, bulkheads and equipment should be 
not only owned but controlled by the public 
iuthorities, and all terminals should be under 
the direct charge of joint boards appointed by 
the State and City. 
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Locomotive Smoke in Chicago.” 
By PAUL B. BIRD.?# 





Chicago is one of the greatest railway and manufac- 
turing centers in the world Soft coal from Illinois and 
Indiana is the universal fuel used to carry on this in 
dustrial activity but as this coal is difficult to burn 
without making smoke, the result has been to defile the 
1itmosphere with great quantities of smoke and dirt. To 
reduce this condition to a minimum is one of the prob 
lems confronting the engineers of Chicago 

For years it has been an open question as to how much 
of the total smoke of Chicago is made by locomotives 
It is often stated that they make a very small propor- 
tion of the total smoke, and that from a standpoint of 





vention the electrification of railway terminals 

inwarranted During the last few months the De 
irtment of Smoke Inspection has made an investigation 
to determine the proportion of the total smoke made 
by the railways The results of this study may be 
ummarized as follows: 

1 Althou 
of the total coal, they make 43% of the total smoke and 


over 50% of the total dirt 






he locomotives of the city use only 1812% 


2. Because smoke from locomotives carries large 
quantities of sparks and cinders, such smoke is a greater 
lirt producer than smoke from stationary plants. 

3. The locomotives consume, within the city limits, 
5.600 tons of soft coal daily, or about 1,850,000 tons an- 


nually 





nann system of judging 
the density or blackness of smoke, the average density 
l notive smoke in 
he lowest average density of smoke produced by 





hicago is 23% 








a paper read before the Western Society 
rs, Chicago, Feb. 15, 1911 
Smoke Inspector, Chicago, Il 








iny one road is about 10% This probably represents 
as low an average as can be maintained with steam 


locomotives, using soft coal. 


6. If all locomotives in Chicago maintained an average 





density as low as 10%, the locomotive smoke 
would still 2%% of the total smoke and probably 
produce over of the dirt. 


i Locomotives in neighboring towns make an aver- 
age smoke dens 








of about 41%, showing that the anti- 
in the city has already reduced the 








smoke campai 
moke nearly 50% 

8. Approximately 10% of all coal fired in a locomo 
tive firebox is discharged from the stack in the form of 
inders Within the city limits of Chicago about 560 
tor (14 carloads) of cinders from locomotive smoke 
stacks are dropped every day 

%. There are about 2,200 miles of railway track in 
limits. At all times there are about 1,400 dif- 
ferent locomotives working in the city, and during a 
is Many as 3,740 different locomotives are in 








As smoke is caused chiefly by the incomplete combus- 
tion of bituminous coal, the basis of this investigation 
> city The 
Smoke Department gives as its opinion that there are 
burned in the city limits annually 10,000,000 tons (2,000 
Ibs.) of bituminous coal This figure may be taken for 
the year 1910 and to include semi-bituminous or Poca- 
hontas coal (1,000,000 to 1,200,000 tons). The consum 





is a study of the coal consumption of 








ers are classified as follows: 

1. Central district (bounded by Chicago Ave., Hal- 
sted St., 22d St. and the lake). This includes boiler 
plants of office buildings, hotels, wholesale buildings, 
factories, ete Annual consumption, 1,125,000 tons of 
soft coal and 875,000 tons of semi-bituminous coal. 

2. Miscellaneous power plants, including all station- 
iry high-pressure boilers outside of the central district 
There are about 7,000 such boilers in the city; the 
average boiler HP. is 143 HP., and the average load is 
about 75% of the installed boiler capacity. Annual con- 
umption, 4,500,000 tons for 5,625,000), including the 





boilers in the central district. 
3. Flats and family hotels, with low-pressure steam 
heating plants These consume 750,000 tons annually, 


most of this being Pocahontas coal! 
4. Domestic heating; residences and small flats using 
coal mainly in stoves, 650,000 tons 


5. Special furnaces for heating, melting, annealing, 
etc., in industrial plants, 600,000 tons 

§. Locomotive Returns show a daily average of 
5.600 ton and * of this is assumed for Sundays 





(holidays assumed to be the same as week-days), 1,850,- 
OOO tons 





7. Steamboats (i ng freight and passenger boats, 


ugs, dredge pile driver ete.), 150,000 tons 


COAL CONSUMPTION AND SMOKE IN CHICAGO 


Annual coal con 









sumption, -—-Smoke—- 
Clas : . Amount, Density, 
Tons. P. ct P. ct P. ct 
1. Central district 1.500.000 15.0 6.0 3.75 
” Miscel power 
plan 4.500.000 15.0 30.0 6.50 
3. Flat ; ae TAD.) 75 2.5 3.00 
4. Domesti . ; GOMOD 6.5 20 3.00 
>. Special furnaces HOO.O00 6.0 12.5 POO” 
6. Railroad ; 1.850.000 18.5 43.0 é 
Boat ‘. 150.000 1.5 4.0 


LO 000 000 1OO.0 100.0 


During October i November, 1910, a special observer 
vent his entire time on the rights of way of the railways 

the city limit He made over 11,000 observations and 
watched the locomotives of 30 different railway compa 
assigned each day to a certain point on 
‘en at a junction of two or more roads, 
bei to watch every locomotive and to 
memorandum book the number of minutes 
1e watched the engine and his estimate of 
the smoke in accordance with the Ringel 








that the dirtiest place in Chicago wa 
& W. I. Ry. tracks. This point is 
ilso at the south end of the Erie Ry. yards. The average 


density obtained on this day (Oct. 20) wa 15.4% 





larly, this list shows that the cleanest place was at 
the Illinois Central Ry. tracks and Van Buren St., where 
the average density was 10.5% on Oct. 10. The locomo- 
tives of the Wisconsin Central Ry. (leased by the M., 
St. P., & S. S. M. Ry.) occupy first place with an avera 
density of smoke of 10.76% The Chicago Junction Ry 








occupies the lowest position, with an average of nearly 


412% The average perce > of locomotive smoke 





in the two months’ investigation is 22.3%. 





lensity 
During December, 1910, the same observer was sent to 
eight outside towns to make similar observations. The 
lensity of smoke averaged 41%. This is probably a fair 
figure for the performance of a locomotive using Illinois 





or Indiana coal with no particular attention paid to 
ing smoke. Streator, Ill., had the smokiest loco 


preven 
motives, 361 observation iveraging 51% smoke density 
This indicates the r ilts of the anti-smoke campaign in 
Chicago. It shows that outside of the city, where no 
effort is made to prevent it, the smoke is nearly twice 





as dense as in Chicago. This is true of the stationary 
plants as well as the railways. 

Locomotive smoke carries with it quantities of sparks 
and cinders, while in stationary plants relatively little 
of such material is thrown out. This is because of in- 
herent features in the design and working of the locomo- 
tive: the small grate surface and the powerful draft 
It is recognized among railway men that from 8 to 18% 
of all bituminous coal put into locomotive fireboxes es 
capes from the stack in this manner. In Chicago about 
5,600 tons of coal are burned in locomotives each day 
Assuming that 10% of the coal leaves the stack in the 
form of cinders, it means that 560 tons of cinders are 
thrown into the air and dropped on the city of Chicago 
every day. 

The lowest percentage of smoke density made by the lo 
comotives of any railway was 10.7%. Probably 10% is 
as low an average as can be maintained with steam loco- 
motives using soft coal. Therefore the very best condition 
that can be hoped for in Chicago is to have all locomo- 
tives average 10°, density, which would mean that the 
locomotive smoke would still be 29% of the total, 
and probably be responsible for over 33% of the dirt 
The modern steam locomotive is such a highly developed 
machine that it is unlikely that any change will be made 
in its construction which will produce better results than 
this A further reduction of the smoke made by loco 
motives can only be brought about by change of fuel 
The possible fuels besides the local soft coals are: (1) 
semi-bituminous coal, (2) anthracite coal, (3) coke, and 
(4) oil. 

A considerable amount of semi-bituminous or Poca 
hontas coal is now being burned by some of the rail 
ways in Chicago, and although it makes less smoke than 
Illinois coal under the same conditions, its use by no 
means guarantees the entire elimination of smoke. Prob 
ably the universal use of semi-bituminous coal would not 
succeed in reducing the average density of smoke below 
a point that is considered possible with Illinois coal 
The general use of anthracite coal or of coke for loco- 
motives would eliminate smoke, but the other nuisances 
due to steam locomotives would not be diminished. If 
coke were used there would be an increase in the quan- 
tity of sparks and cinders discharged. In either case the 
volume of furnace gases and their effect in vitiating the 
atmosphere would not be reduced. Fuel oil makes smoke 
unless carefully handled, and the smoke that is made 
is more objectionable than the smoke from soft coal It 
is probable that if all locomotives in the city burned 
oil, the smoke and gases would form more of a nuisance 
than the soft-coal smoke of to-day 

The general use of any special fuel would greatly in- 
crease the cost of fuel to the railways, and the practical 
difficulties involved would make it a very difficult thing 
to bring about The locomotive fireboxes would have to 
he changed if coke or hard coal were used In order 
to ensure that all locomotives operating in the city limits 
used the same fuel, all the engines on an entire division 
would have to be thus equipped, which would greatly in 
crease the cost of operation. 

The study that has been made along these lines ind 
cates clearly that electrification offers the only final and 
gatisfactory solution of the locomotive smoke problem 
The use of special fuel for preventing smoke on steam 
locomotives is only a makeshift and will not satisfy the 
public. 

rm 

CAST-IRON CAR-WHEEL DESIGN was referred to 
before the Western Railway Club in discussing a paper 
by W. S. Killam, of the Griffith Wheel Co., entitled 
“Standardization of Chilled Iron Car Wheels, with Ref 
erence to Service Conditions.’’ The paper contained a 
table of required thickness of plate or web of the wheel 
for various loads and for various brake-shoe pressure 
and also a table of. wheel weight for various plate thick 
nesses. In explanation of these tables Mr. F. K. Vial, 
of the same company, stated that they were based on the 
following formula: 


Gross load Brake pressure per car 
Plate thicknes \ - i ‘ 
3041),000 80,000 


The derivation was empirical; it is assumed to hold 
for various diameters from 24-in. to 36-in. The two 
underlying assumptions are: (1) That both the cross- 
breaking strength and the load-bearing strength of the 
wheel increase as the square of the plate thickness; and 
(2) that heating from brake application is proportional 
to brake pressure, and resistance to thermal stresses is 
proportional to plate thickness. The metal required for 
thermal stresses was added to that required for load 
carrying. The constants in the formula were fixed after 
observing many wheels as they came out of service, and 
observing wheel action on mountain grades. The thick- 
nesses given by the formula are said to correspond well 
to the weights of wheels adopted as standard by the 
Master Car Builders’ Association. The tread thicknesses 
used with the wheels designed by this formula vary 
from 1% ins. to 2% ins., and the wheels of 33-in. size 
range from 550 Ibs. (for cars up to 60,000 Ibs. gross load 
on eight wheels, lighter cars than commonly used) up 
io 900 Ibs. (for cars of 200,000 lbs. gross load on eight 
wheels). 
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One of the speakers at the Pan-American Com- 
mercial Congress held at Washington last month, 
resurrected the corpse of that dead and _ buried 
project, the Intercontinental Ry Many of our 
older readers will recall that some Government 
money was spent on preliminary surveys for that 
proposed railway nearly a score of years ago, 
and it was found that the profile of the line 
through a considerable part of Central and South 
America along the Andes resembled the teeth of 
1 cross-cut saw. 

The project never attracted serious attention 


from capitalists because it was clearly evident 





that the cost of carrying either freight or pas- 
sengers between North and South America by 
rail, would be far more than freights or fares by 
ocean steamers, even without including the in- 
terest on the enormous cost of building the road 

Doubtless with advancing civ 





ition and more 
stable government in Central and South America, 
a considerable part of the Intercontinental Ry. 
will be constructed as independent links for lo- 
cal transportation. But both topography and ec- 
onomiec considerations dictate that South Ameri- 
can railway construction shall proceed on radial 
lines from its principal seaports, and such lines 
are not well adapted to be joined up for through 
transportation. 
oo — — 

Another long-buried pro 
ind trotted forth for pul inspection last month, 
the project for creating a great freight and pas- 
senger terminal for ocean steamships at Mon- 
tauk Point, on the eastern end of Long Island. 

The public exhibition of ghosts is chiefly use- 
ful to frighten people. It is suspected that the 
Montauk Point specter was conjured up to fright- 
en New Yorkers into the 


ject was also resuscitated 














f that commerce 
would forsake this port if permission is not given 
to extend the pierhead line on the North River 
water front, so that the four new record-break- 
ing vessels which the White Star, the Hamburg- 
American and the Cunard companies are build- 
ing may be docked there. 

We doubt, however, whether the ghost will 
really frighten sensible people. It is pretty clear 
that the apparition is only an artificial sheet 
and pillow case affair. Suppose all the many 


millions of dollars necessary were expended on 
the eastern end of Long Island in the creation 
of docks, piers, railway terminals, shops and 
warehouses, and a city to house the army of 
workers required to carry on all these appurte- 
nances. Suppose all this were done, could freight 
or passengers be handled more economically 
through such a port than through New York? It 
is evident that the transportation itself would be 
more expensive. To shorten by about a hundred 
miles distance and four to five hours time, the 
transatlantic passage reduces the cost of the 
steamer’s voyage only a very small amount. On 
the opposite side, however, is the added cost of 
100 miles of rail haul, and what is more impor- 
tant still, the added cost in many cases of extra 
handling or transfer of freight, freight cars or 
passengers. 

The only way in which the proposed port could 
effect a saving in total transportation cost would 
be by reducing the terminal expenses over those 
now prevailing at New York City. It is not easy 
to see how even this could be done. tailway 
freight to or from Long Island would still have to 
pass through the crowded terminals of New York 
City and would have to be transferred by water 
from the mainland to Long Island 

Again at the present day it is impossible to 

irry on transportation business economically on 
1 small scale. The Montauk terminal would have 
to be capable of handling a large volume of traf- 
fic and the plant there would represent a huge 
outlay. The interest and maintenance charges 
yn this outlay would amount to a large sum per 
innum which must in one way or other be as- 
sessed upon the commerce passing through this 
port. It would probably be found that at best 
the necessary expenses via the Montauk Point 
route would be as great as or greater than the 
commercial routes via the ports of Boston or Phil- 
idelphia or Baltimore or Norfolk. 

labia Gestion pains 

A recent trade publication, issued by the Colo- 
rado Portland Cement Co., exploiting the use of 
. certain “alkali-proof’ cement which that com- 
pany is manufacturing, contains on one of its 
pages a line drawing, neither dimensioned nor 
scaled, showing the section of a concrete gravity 
dam, with only about one-fifth of the base rest- 
ing on the ‘‘Bed-Rock?” foundation, the remain- 
ing four-fifths being occupied with a large emp- 
ty space marked “cavity.”” Accompanying the 


drawing is the following caption 


AN EXAMPLE OF DISINTEGRATION 
Tansil Dam, Pecos Valley, N. M.—About 40 feet high 
y a quarter of a mile long practically eaten up by 
ilkal all except two inches the surface is soft or 
entirely disinte after 6 y Part ‘“‘B’’ was buil 
under the direction of U. S. Re 
yineers and is also totally destroyed by 













about two years ; 
mation Service E 





ilkal \ man 





walk-in water the entire length of 
the dam on the bedrock i the space from which the 
decomposed concrete ha been washed 


We are reliably informed that these statements 
ire incorrect; that the dimensions of the dam as 
given are wrong; that there is no proof that the 
failure is due to alkali, and that the Reclamation 
Service has had nothing whatsoever to do with 
the work. 

The Tansil Dam is but 600 ft. long and 25 ft 
high It is a concrete dam founded on gyp 
sum rock formation and built largely of a gyp- 
sum rock aggregate. It does show a pronounced 
disintegration, possibly due to the action of an al- 
kali water on the gypsum rock but more likely 
due to inferior construction and poor material 
No engineer of the Reclamation Service has had 
anything to do with the construction of the dam 
There is a report based entirely on the talk of 
workmen, that some two years ago some addi- 
tions to the dam were made, ‘under the direc- 
tion of an officer of the Reclamation Service,” 


here is no record in that Service that any 


hu t 
but t 


officer was so employed, nor is there any knowl- 
edge of the performance of such work by any 
government engineer acting in a private capacity 

In justice to the company publishing this pam- 
phlet, it should be said that it, too, has become 
convinced of the incorrectness of the statements 
referred to and has destroyed the remaining cop- 
ies of its pamphlet and issued another with this 
page removed. 

Inasmuch as the pamphlet had some circulation 
and incidentally as the cut with a portion of the 


attached caption was reproduced in 
mining journal, it is only fair to the Re 





f imat 
Service and to those who are idying the effect 
of alkali on concrete that the error should be het 
publicly corrected Possibly the cavities in the 
Tansil Dam may be due to alkali water 1 ‘ 
fore any lesson can be drawn from the examp 
a thorough study of the nature of the water and 
the conditions of erection and ma t the da 
should be made. 
> 

That the only remedy for the smoke nuisancs 
in Chicago is the electrification of the r Way 
lines within the city limits is the clus 


reached by the City Smoke Inspector, Mr. Paul P 
Bird, in a paper read before the Western Society 
of Engineers last week. An abstract of thi 
per is given elsewhere in this issu¢ Its main con 
clusions are as follows: (1) locomotives in the 
city account for about one-fifth of the total coal 
consumption, but make nearly half of the total 
umount of smoke and more than half of the dirt 
due to smoke; (2) these mditions cannot be im 
proved, even with the most thorough 


ind careful firing, so that the smoke and dirt 











Ww 
be than about one-third of tota (5) there 
is very little room for improvement in the way of 
ilterations in locomotive construction, or in the 
use of speci fuels (anthracite il, coke or oil) 
On this ba it is declared that the only satisfa 
tory solution of the locomotive moke problen 
the adoption of electr traction by the ur 


railways. 


Mr. Bird makes no reference, howey 





great economic question involve 


tion. Will the enormous expenditure necessary 


for converting all the railway lines in Chicago t 
electric traction be justified in order to eliminat 


half or a third of the smoke in the city? 
Of course the public, 





which thinks the cost of 
railway electrification is to come out of the rail 
way treasuries, is vociferous for electrification. It 
does not stop to think that in the end the cost of 
electrification must be paid for by the people of 
Chicago. 

Here is an object lesson on that very point. The 
commuters travelling on the New York, New H 
ven & Hartford R. R., are appealing to the Inter- 





state Commerce Commission for relief from the 
large advance in suburban passenger fares mad 
by that company a year ago. The railway com- 
pany replies, however, t the added cost of ele 

tric operation and of the new passenger terminals, 
is so great that it has to advance its rates in or 
der to make the traffic pay the actual cost 


handling. 
As a State Commission in Massachusetts has re 
ently well said, electrical operation of steam rail 
way terminals is an expensive luxury. Cities have 
to go without many luxuries which they 
like to enjoy. 

Chicago is in need to-day of many improve- 
ments which cannot be classed as luxuries Its 


t 


water supply, for instance, is sadly deficient in 


some respects (in certain sections water cannot be 
obtained in the upper floors of houses), and there 
is demand for a.much better fire protection sup- 
ply. Street paving and street cleaning on a scale 


ind in a manner adapted to the importance of the 





city are urgently needed, and there is great need 


ilso of the long-projected subway system to 





prove rapid transi conditions tut to deman 
for these and many other needed improvement 
the ci makes the reply that it has not and can- 





not get the necessary funds 





them all and that 


the only thing to do is to select those whi 


most important and proceed with one improve 
ment after another as rapidly as funds can be 
tained. 

Now, as everyone knows who has given study t 


the subject, the same principles ought to govern 


railway financing whether the railways are owned 


by private companies or by the Government. In 
either case, the public must in the long run pay 
ill the cost of their operation and the interest o1 
the capital invested If the railways are forced to 


spend money for extravagant methods of operat- 


ing, the travellers and shippers and the ultimate 
1 


travagance. 
The Interstate Commerce 


‘ommission has just 
refused the request of the railways to sanction a 


BW 
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horizontal increase n freight rates and has based In the total le ngth of the canal, 107 mile there 
its refu n e ground that present railway were 22 incline planes and 30 locks. The marvel 
profit I iirly compensatory But suppose is that notwithstanding these difficulties the 
Ch g ind Boston should compel electrification canal was built for the very moderate sum of 
rf the railways within their borders. Nothing between five and six million dollars. With all 
s more certain than that half a dozen or a dozen the advantage of modern machinery, it probably 
ther cities would make i similar demand could not be constructed at the present day, 
re ¢ mon found for such needed With present prices of ibor and material, for 
nprove is grad rossing elimination, such a sum. 
ifer signaling, double-tracking, improvement of Notwithstanding its economical construction 
reight terminals, steel cars, more permanent the canal was never financially successful. It 
track and bridges, if many hundreds of millions paid dividends only in the years from 1852 to 
must be laid out in elect ng terminal lines 1866, but some of these dividends were in scrip 


We believe the question is fur broader than the 


nterests of Chicago alone or Boston alone and 
that it ough ve Studied from a broad and un- 


standpoint 


ee 


The Passing of the Waterway Boom. 








Three significant events have occurred du 
the past week which have an important bearing 
m the question of waterway development 

The first was the announcement by the Lehigh 
Valley R. R. Co. that it wishes to abandon the 


old Morris Canal across New Jersey. The figures 
the 
one of the 


f the old 


success 


made public by 
that this waterway, 


time 


report of the special 


Board of Engineers on that section of the pro- 


posed 


Waterway” extend- 


ind jo1 


ing acr 


f i ing Lake 
Michigan with the Mississippi 





This report 











demonstrates the al lar agita- 
tion a few years a through 
the absurdity of 
the pr ip the Mis- 
SISSippl ago. 


‘ision of the Interstate Com- 


merce ‘ommissio! 2 : he peti 


ion of the 
o make a hori- 





railway 


zontal increase in freight rates. The stock argu- 
ment of waterway advocates has long been that 


inland waterways were worth while because their 


competition would keep down railway rates. The 
Interstate Commerce Commission’s decision is a 
ean be con 

hese events de- 


anal in 
Lehigh Canal 
first was aban- 


that the cost of 


s cheaper to 


The canal had 
noney invested in 
The locks and 
used by coal 
earlier date. 


in operation 





‘is Canal fur- 
nished a direct route across New 


market of New York City. 


Jersey to the 
Without doubt its 


1igh hopes for its financial 





it was chartered, in 1824, canal 
United States was at its height. 
was about half completed an 
re projected or under construc- 
husetts, Pennsylvania, Virginia 
ryone could see that the canal 


improvement as a 
road 


new 


freight carrier 


ind the freight wagon. 





invention beginning 





to be talked about and only conceived of as a 
competitor of the stage coach for high-speed 


It was nearly a generation after 


the railway era began before it was perceived, 
railway engineers, that the railway wes 
to be the future system for economic 





rris Car had great topographic diffi- 
ilties t reome In passing from the Dela- 
ware R r at Easton to the Hudson at Jersey 


i to pass over an elevation of 900 ft. 


nd not in cash. In the memorial just prese 


I nted 
to the New Jersey legislature it 


is said 








The reason or the il fina il failure Ss quite 
plain W € the I W fi ssed Geo 
stephenson W pe € the i tio oO 1 locomotive 
ind the Stocktor «& Dat igto i pad n I gland 
was opened, with eam tr rt nine oO 
the canal was lartered rhe Morris & Essex R. R 

Heling the ina r end to end, w hartered i 
IS55o, one year before the na wa oO} ed J ey 
City 

Within ten years after the chartering of € anal the 
bright expectations with which the harter had been 
taken began to be disappointed i ew and tter 
method of tran tior The directors’ annu reports 





how the constant y 
After steel 
wanna R t I 
Central R. R. of Nev 


point 





which ma 
hopeless 

When it is 
canal 
which 
and 
mountains 


remembered that the 


carries but 70 tons 





must be separated 
pass 


through more than 


from the Delaware to the 











the journey occupies five days e a single locomotive 
will take 2,000 tons of yal r ‘ i¢ riy five 
hours—the result of such competition perfectly obviou 


Each of the three railways which parallel the 
canal have a carrying capacity of not less than 


ten million tons per 
year 


annum 
round. The canal was originally designed 
tons In 
year of heaviest traffic, it carried 
tons. Its operation is 
four months of 

By 1877 the earnings of the canal 
fallen below the operating expenses, 
have been 
cept that 
were 


for a capacity of a million INSG66, its 
under SOHO O00 
suspended during at least 
the year 

gross 
ind it would 
abandoned a quarter century ago ex- 
s in connection vy 
time to be valuable. As 
the 
trifling in amount 
have 


a 
ot 


the water rig 
supposed at that 
it is, for fully 
the has 


the canal may be 


a score years traffic upon 


canal been so 


said to been practically 


abandoned as a transportation route long ago 

Turning now to the Illinois section of the 
Lakes-to-the-Gulf waterway, the Board of En- 
gineers in its report upon this project gives 


what to be a final 


widely 


ought quietus to the theory 


which has been so circulated, that great 


depth is essential to economical transportation 


on an inland waterway. The Board shows that 
for river navigation the barge drawing not more 
than 8% ft. of water, and with a capacity up to 


3,000 tons, is as economical a freight c: 


afloat. Channels 
sufficient for 


any vessel 
to 9 ft. 


therefore 


with a de 


are such barges 
more economical 
than dee 


cost of 


avenues for freight 
transport 
increased 


traffic with a 


per channels, since the greatly 
the 


invest- 


deeper channels burdens 


larger fixed charge on the 


ment, 


There would be no 


gain whatever, the Board 
shows, in 
14: ft. such a would not be 


enough for either lake or ocean 


increasing the depth of the channel to 


since channel deep 
vessels In order 
these, at least 24 
and the 
through Mississip 


would be enormous 


to accommodate 
would be essential 


depth 
Board says, 


cost 


such the 








deep waterway were constructed, however, it 
would not be used by deep draft vessels since 
trafic could be handled at lower expense by 


light draft 

We do 
the force 
expert 
ing the 
engineers 


barges. 

not 
of this 

authority of 


believe it will be possible to break 
logical presentation by 
foundation facts respect- 
economics of inland trafisportation. The 

who is report, like the i 
neers who have made other reports of the same 


tenor, 


clear, 
the 





make thi 





have absolutely nothing to gain by mak- 


this stand against the 


expenditures on 


ing current agitation for 


waterways. On the 


hug 
nuge con- 





trary, a certain amount of business would be 
furnished to engineers and contractors by large 
Government appropriations for deep waterway 


construction. 
narrow 
justified by 
fessional ethics. In 


The latter, however, is a 


Which 


point of 


code of 


View 


cannot be any pro- 
run the engineering 


when works 


the long 
profession suffers inevitably 
are carried out by its advice 


Money 


which 
fail- 


proves 


prove financial 
work which 
truly a 


expended in 


useless or unprofitable is as waste and 


loss to the fire or flood or 


community as loss by 


tempest. It is as much a part of the engineer’s 


business to e capital as to conserve 


natural resources. 


ic » i le + 
Et is ial notice also that 


Board 
ty pe 


the 


recognizes that the question any 


whether 








of inland waterway can successful compete 
With rail transport is still an open one. The 
Board says: 

Considered as a bu ss investment, a waterway of 
even moderate depth Chicago to the Gulf is still 





more or less experimental 


The facts abundantly 





statement. 
Lakes to 


justify 
There is already maintained the 


from 





I Gu 1 channel at least 9 ft. deep at low 
water from New Orleans to Cairo, S ft. deep 
trom (¢ ‘o to St. Louis and at least 4% ft. deep 
from St. Louis to Chicago Yet the traffic of this 
waterway (except on the lower part where coal 


boats come down from the Ohio) is insignificant 


The current idea is that the have 


lack 


h of the Mississippi 


steamboats 


lisappeared from these waters because of 


f depth; yet the present dep 


is much more favorable to traffic than the depth 
of the tiver Rhine, which has an annual traffic 


of over 54,000,000 tons, far greater than that of 


iny other river in the world. 


‘“onsidering 


With an 
that Ge 
Waterways is not 


here. 


these facts 


unprejudiced 


mind, it certainly appears rman experi- 


ence with inland necessari 





proof of what we can expect 


The Board 
what 


submits amounts to a demon- 





stration that a channel of moderate depth is as 


raffic as a and 











deeper much more 
expensive channel, and then very pe ntly 
says 
As a channel of S ft. depth is now maintained from 
» to St. Louis, and n be extended from St. Lou 
o Utica, Ill., at relatively small cost, busi caution 
lictate hat a w th depth be obtained and 
tested efore ¢€ € enormousiy expensive proj- 
ects of questio le utility 


We need 
the 


1 Y . ? + 
islon of last 


take comparatively little space to dis- 


Interstate 


cuss Commerce 
From one 
iring on ‘the 

the power of the 
to control 


ished for 


Commission’s de- 
week. point of view it 
waterway 


y question, for 


State or 


has no be 


Government, Federal, 


railway rates has been well estab- 


more than a quarter of a 


however, 


century. 
and the public 

prominence given to it, comes as an object lesson 

that it is 


dollars on 


This present decision, 


to th whl 


» the public generally, demonstrating 


unnecessary to spend millions of 
Waterway construction in 
railway rates. Further it is 
demonstrated that traffic 
iilways and competing waterways, 
handle the 


in higher 


order to 
than this 
division of 


secure fair 
clearly 
between 


the 


whole business 


wherever 


railways are able to 





satisf 





ictorily, results railway 
the long run. 
The 


its assent to an 


Interstate Commerce Commission refused 


increase in rates be- 
that railway 
profits were satisfactory as compared with former 
years. Sut railway 
i more 


siness 


freight 
statistics showed present 
profits depend on volume of 
Divert 
present railway traf- 
there would be a serious 
that might be held to 
railway rates 

principle is even broader than this. 
the needless duplication of railway 
competing 
would buy two 
mill 





than 
percentage of 
waterways and 


falling off in 
f 


anything else. any 


considerable 


net earnings 
an advance in the 
But the 
It applies to 
lines by companies. No 
or three 
when a machine 
of handling the entire output 
. large margin to spare. No 
sanction the waste of 
duplication of 


manufac- 


turer huge 


expensive 
machines for his single 
with 
the 
involved in 


ee 
capital 
needless 


whether’ that 


transportation lines, 
duplication be by railway or 


waterway. 
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LETTERS TO THE EDITOR. 


Standard Sizes for Trade Catalogs. 
Sir: For a number of years the writer has been an 
earnest advocate of a uniform or standard size for cata 
logs, specifications, blank forms, letter heads, etc. The 


uggested size was S 10% ins., which ‘gives four page 
when cut from a standard sheet 16 x 21 in This size 
is largely used by many departments of the state of 


New York, as well as by many private parties 
It is a matter of congratulation to note that some prog 
ress is being made in this matter, as witness the special 
italog just issued by a prominent manufacturer of 
filing devices, which it calls ‘‘Standardized Filing Equip- 
ment in Wood and Steel for Engineers, Architects and 
Contractors.’’ 


The ‘Vertical Filing System’’ is doing more to brin 





about desired uniformity in size (not sizes) than any 
other. 


The style of specifications still in vogue in many quar 


ters is that known as legal size, copied from our friends 


the lawyers Nothing more inconvenient could have 
been invented. Imagine if our books were so printed 


that the leaves had to be turned towards the top 

Referring to your editorial on page 106, issue of Jan 
26, 1911, “‘Why not introduce Effici Engineering 
in our Law Shops?’ This would be a good time to get 
away from this awkward legal cap size and let en 








rineer 
use something convenient, logical and sensible. 

In this connection it might be well to state here that 
a prominent firm of Buffalo lawyers uses sheets 8 x 10% 
ns. for transcribing testimony, perforating them in the 
side, not the top, and preserving them in loose leaf 
binders. 

Cannot engineers be at least as progressive? 

Yours truly. 
Smile Low, M. Am. Soc. C. E 
Buffalo, N. Y., Feb. 8, 1911. 
[We regret to have to differ with our corr 
t in regard to Trade Catalog sizes. The 


Standard 





sponder 


‘s for Trade Catalogs which were 





adopted by a number of engineering societies 
ind the Master Car Builders Association many 


years ago, are 53% 6 ins., 6 ins. and % o 
ins. Of these, the 6 x 9 ins. is the standard size 


which should be followed unless it is necessary 
for some reason to adopt a size larger or smaller. 
Ed.] 

— a mC 
MoreConcerning th: Federal Reclamation Work. 


Sir In your review of the work of the Reclamation 


you attempt to show that 





ZOV mental administra 
e en rp Ise n r 2 Ton 
zan operat line yea 











go and has inve-ted $62,000,000 on which, to date i 
OOU,00U revenue have been derived—a return of %% per 
annul! Meanwhile ipproximate in‘erest charges at 
5% for the mean time of estment amount to $13,950, 
OOO Moreover, the $62,000,000 expended is somewhat 


less than one-half of the $150,000,000 estimated as the 
total cost of the incomplete projects in which the &62,- 
Oo0O,000 are invested If actual costs continue to exceed 
estimates, the final necessary investment will be far be 
yond $150,000,000. 


As a private enterprise the Reclamation Service wo.ald 





certé y be in the hands of a receiver 

If the work is finally completed for $150,000,000, the 
cost per acre for the 3,900,000 acres of land reclaimed 
will be $50, exclusive of interest charges Reclamation 
by private enterprise at the time it was superseded by 
the Reclamation Service had cost, according ts H. M 


Wilson's treatise on American irrigation, less than $9 per 





acre. This is comparable with the governmental cost 





per ton for its mail service while the express 
ss at a cost of only $28 





companies handle their busin 
per ton. 
After every legitimate explanation is made the case 
is still overwhelmingly against the government 
President Taft’ 
some of the work of the Reclamation Service good and 


gineers finds 





Advisory Board of En 


sufficient It finds some unnecessarily expensive or 
questionable 

Some of the largest projects were undertaken before 
the water rights thereunder were determined On this 
point the Board says, “It is recommended that steps be 
taken to secure an early adjudication of water rights on 
all projects where such adjudications have not yet been 
made, and that, pending such action, expenditures be 
kept within the probable rights of the United States.’ 

Of the 3,200,000 acres of land under the Reclamation 


Projects 1,700,000 are lands held in private ownership, 





a great portion of which had prior water rights and 
ition 

In one of these projects, involving the expenditure of 

$9,650,000 there is practically no public domain The 


valley in which this project lies has been held in private 
ownership and irrigated for centuries Another project 
equally large, has the same history. In each case their 
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resources and private enterprise were ample for develop 











nent In each case the government is expending the pub 
ic money for the extension and enlargement of private 
operty 
e repo the Board refers to a number o ust 
) th kind For he two mentioned above 25) ) 
the entire re I 0 und required In the meat 
mie he prim object of the Reclamation Law, viz 
he iditure of the fund derived from the sale of tl 
p don 1 reclaiming the arid pub the 
re ‘ home actua st to i 














‘ ee I n the record to indicate that 
dr le engineer rg and the able 
eer the Re on Service possess any superlative 
qualities or effi not common to the typical 
in € ¢ organization 





of work and results in the Reclamation 


Service good, is so in spite of the handicap of gov 
ernment adm.nistration If bad, it is primarily due to 
he same 1use, especially the political log-rolling and 
» the wire pulling of special interests which have di 
verted and perver‘ed the expenditure of the public money 
to enlarging private property or enhancing its value 
Much of the work of the Reclamation Service has been 
expended oviding improved irrigation works for pri- 
vate property The government is selling bonds to carry 
or uch work while the arid public domain lies wa 


Yours truly, 
J. L. Camphe 
iE! Paso, Tex Feb. 7, 1911 


[Our correspondent compares the cost per acre 
i irrigation work done under private enterprise 
before the Reclamation 
Act was passed and the - 
work done under that 
Act. Is that a fair com- 
parison? It is perfectly 


} 


well known that a large 


part of the irrigation 
work done prior to the 
Ite imation At vas 
done by utilizing the nat- 
iral flow of the streams 
merely ind f cours + 

»W investment cost 


There came a time, how- 
ever, when all the nat- 
ural flow of the streams 


was itilized ind n 





correspondent to quit holding back and take hold 











reaches its mit, the Government must step in 
ind act for the general benefit 
In the article sur rrespondent refers to, we 

showed that changes in the iw Were needed t 
put the Reclamation Work on a etter businse 
footing Why should not engineer ike our cor 
respondent undertake to bring ibout such 
changes? Why not do our part in leading pu 

Why not take hold and help push in 

holding back and finding fault 

private iterprise ? rrigatior laving 
een iperseded \ 1 R mation Ser 
the fact is that the 80 odd projects which the 
Government has undertaken ar n i sm 
fraction of the opportunities for ‘irrigation work 
in the arid West The field is open for all the 
private enterprise that our correspondent or any 
one else can muster Further, the task of en 
Zaging private capital for irrigation work has 
been made easier by the wide publicity given t 
the work the Government doing nd the mor 
successful the Gover ent work in irrigation 
the more readily in ind e raised by private 
irrigation companies So we again appe to our 





ind pull.—Ed.] 

a 
A Curious Timber Bridge. 
close herewith an ter« ng and instruct 


roduced herewith 1 50-ft. highway 





Bae eer ws? | 


order to extend irriga- WOODEN BRIDGE NEAR BROWNING, MONT., DESIGNED By 
tion on a _ large scale BLACKFOOT INDIAN POLICEMEN. 

it became necessary to 

undertake the storage of flood waters. The pan on the Two Medicine River. about I mile 1 
people of the arid region declared, and we believe Browning, Mont t was d ed f 1 
with substantial truth, that the creation of great Policemen, and built under their supé 

storage reservoirs on the large scale demanded . 

js U. S. Indian Service, North Yakir Wa un, 


Yr economic construction and operation was be- 





of private enterprise to finance. 
They appealed, and their representatives in Con- 
voiced their appeal, that the Government 
ught to step in and undertake the work of re- 
claiming these arid lands. It was clearly under- 
stood that on most of these great works a heavy 
interest charge during the long period of time 
required for construction would make it impos- 
, ivate enterprise to undertake them 
correspondent maintain that be- 





cause of this these lands should be forever bar- 
ren? Ts it not worth while for the Government 
to. forego for a few years the interest on the 
money invested for the sake of reclaiming these 
desert lands and creating prosperous homes 
there? ' 

Our correspondent criticises the Reclamation 
Service for spending money on reclaiming lands 
in private ownership instead of the arid public 
domain; but the law made no distinction between 
private lands and public lands. The Executive 
was left free to select such locations for work 
is might promise greatest results in the way of 
public benefit regardless of the ownership of the 
land. 

How long does he think that it would have 
been before private enterprise would have had 
the courage to undertake the Roosevelt dam or 
the Rio Grande dam: or the ability if undertaken 
to carry them to a suecessful issue? We say 
id—of the 
misuse of irrigation projects as a basis for fraud- 





nothing—though much might he sa 





ilent promotion schemes. 
When and where an industry can be carried on 


by private enterprise, by all means let it be con- 
tinued; but when and where private enterpriss 


Objections to the ‘“‘Distant Point Method’’ of 
Locatirg Soundings. 


Sir: In the letter of Mr. James Logar 














your issue of Feb. 2, 1911, p n which he d 1 

‘ Distant Point Method for 1 2 dir t 
eems to me that the same fundamental co leration 
wh makes lestion le € fr tr her me ds o 

location d 1 on surveying ipplie witt 
equal force in refer to such € as those 
n which an € mr ff the method of location 
relies on the assumption that the sounding is being 
taken on some range But as those familiar with hy 


drographie work know, it 





keep a sounding boat on a range on account of either 


winds or currents; yet, no matter how far a sounding 
boat may drift from its range ts location by supposition 
always on the range In other words, there is no 

t strumental determination of the position of the 
oundings in several of the methods that are given in 
the books; and it seems to the writer that no engineer- 
ing investigation hould be based on assumptions that 
are liable to a onsiderable error which may »az 


without detectior 














For the above reasons the writer has always favored 
lo on by one of the following methods: intersection 
from two transits; by one transit on shore and a sex 
tant in the sounding boat yr stadia locations from a 
point on shore The latter method is described in such 
text-books as Johnson & Smith's “‘Theory and Practice 
of Surveying’’ 7th edition), 341-2, or Patton's 

Treatise on Civil Engineer * pp. 1517-18 This 
nethod h been used iccessfu n th ‘ountry for a 

yrre of vears. and it nvolves a onsiderable reduction 
of time and cost of field work over that mentioned in 


The Distant Point Method,’ with no increase of ex- 
penses for office work of mapping The stadia method, 


of course, simply amounts to torcation of soundings by 


eis 
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polar coordinates from one transit on shore, and so elimi- 
nates any assumptions for such locations. It may be 
stated in closing that the writer used the stadia me‘thod 
of locating soundings for several months, about 20 years 
ago, on a survey of the inland passage on the Georgia 
a kind of survey which seems to be quite similar 
to that described in Mr. Logan's letter 
J. L. Van Ornum, 
Professor of Civil 


Wa 





Engineering, 





1ington- Un 





iversity 
St. Louis, Mo., Feb. 10, 1911 
————— -- — -—— os 


Additional Information as to Quick-Dumping Ore 
Cars. 


Sir: Mr. James S. Martin, Engineer of the Clark Car 
Co., in his article on the Clark ore car in your issue of 
Dec. 1, 1910, states that Mr. Chas. H. Clark under- 
stood the conditions to be met in the ore trade ‘‘because 
he had developed the Summers ore car,’’ while in the 
employ of the Summers company Such statement hav- 
ing been published, we feel we owe it to your readers 
that this false impression be corrected 

Without going into detail, we send you herewith blue 
prints of (1) the Summers original ore car design, made 
in August, 1906, and (2) the only ore car design exe 
cuted by Mr. Clark for Mr. Summers while in the lat- 
ter’s employ It requires but a casual glance at thes: 
two drawings to show the absence of original design 
or the lack of ‘‘development’’ of any new idea as would 





Fig. 1. Principal Features of Door Operating 
Mechanism of Clark Car. 


be inferred from the statement above referred to. (The 
designs are essentially identical, and are not here re- 
produced.—Ed.) 

Mr. Martin in his article further states that ‘“‘the 
Clark balanced door is new in the field of dump car de 
sign.'’ While the fact involved in this statement has 
not yet been passed upon by the courts, we wish to put 
the whole matter squarely before you, and so send a 
drawing of the Clark cut (as used in Mr. Martin’s ar- 
ticle) with the parts not affecting this comparison omit 
ted, Fig. 1. Fig. 2 is reduced from a Summers trac- 
ing (out of our files) which was designed in 1903, 
several years prior to the so-called new Clark design of 


I 


TESTS OF QUICK-D 





















Weigh 
J s Test Light of 
Kind of Car, Number. Date, Weight. Ore, 
tons. 
1 9/26 32,000 45 
2 9/27 32,000 48 
3 9/29 42,000 17 
} 9 32,000 40 
° 9/30 32,000 37 
Clark No. 210. 6 10/2 32,000 47 
7 10/6 32,000 OO 
8 10/8 82.000 48 
oe 10/12 22.000 oo 
3° 10/14 000 50 
4° 10/16 O00 +4 
o* 10/18 32,000 $5 
6* 10/25 46 
7” 10/26 aoe 42 


(A) Bound, and doors would not close on account of 
consumed in trying to start ore by operating doors with 















For Clark car No. 210, as per above figures, average of 
1 9/26 33,300 49 

2 9/27 33,300 55 

3 9/29 32,800 a 

t 9/30 33,000 47 

5 9/30 33,000 45 

6 10/2 ‘ 33 

8 10/8 a3 

1° 10/8 53 

Railway's Standard 2° 10/12 49 
3* 10/14 ‘eee 56 

10/14 (enews 50 

i* 10/16 owintecs 45 

16/16 pies 50 

5*% 10/18 ie 34 

oF 10/25 Saas 0 

7 10/26 pines 55 

For ‘Old Standard,’’ as per above figures, average 

1* 10/8 31,300 47 

2% 10/12 31,300 ”) 

3 10 31.300 48 

{* 10 31,300 41 

Summers No. 10384 “D o* See eee 47 
& {. RB. Bie.” 10/2 oa 48 

6* BOf25 82S wanes 43 

a* 10 43 

8 yt. shane 37 





For Summers 





*Where test numbers coincide, the ores, etc., were 


ar, as per above figures, 1.16 min. 





roller door, Fig. 1. It will be noticed that the general 
idea embodied in these two designs is identical 

In addition to this it may be of interest to note 
that Mr. Clark's first sample car (No 170), men- 
tioned in some of the tests described vy Mr. Martin, em- 
bodied the identical door-operating mechanism with 
worm gears on a transversal shaft and levers connecting 
to the outer end of the rolling doors as indicated in the 
Summers 1903 design. This first Clark car, we have 
learned was later on completely dismantled and many 
parts were used to build the present No. 210 car. It 
i9 our desire here only to completely refute Mr. Mar- 
tin’s statement cited above The drawings, we think, 
prove our contention clearly and concisely and we wish 
to thus rest the matter before your readers. 

If Mr. Summers had already develuped the general de- 
sign now used by Clark, why did he not proceed to 
build such a car for the ore trade? In the problem 
of ore transportation, the handling of ores frozen in 
the cars presents one of the greatest difficulties en- 
countered. We have on record a case in the copper re- 
gion where a large copper smelter was compelled to 
shut down on account of difficulties in handling ore 
frozen in cars. 


In the Michigan and Missabe iron ranges the mines 


Fig. 2. Principal Features of Door Operating 
Mechanism of Summers Car of 1903 Design. 





are situated some 60 to 80 miles from the docks and it 
happens frequently that ores stand in the cars ever 
night and freeze to a depth of several inches. Ores in 
this condition adhere to the car sides to at least the 


depth frozen. 


Experience has proved that in order to open doors 
sliding or moving in a line parallel to the lading it is 


necessary to resort to thawing to release the lading 


The mechanical means provided for the opening of roll- 
ing doors under normal conditions prove insufficient for 


their operation under a lading of ore frozen thereto 
On the contrary, doors weighing some 1,500 lbs., whict 






















1 


are hinged, and thus move away from the lading, will 
UMPING ORE CARS 
——— — ——Number of Men Worked. 
sr > 2 winding « < “ . : Number 
zi2 and un.= 5 ane &;j Total Minutes, 
z winding & %& s é$8 men One Man. 
= doors. = er. = 
1 0 0 0 1 1-} 
l ea 1 O—40 
‘ 4 t 9—20 
1 1 IOS 
1 oe ; l O—: 
1 2 2 3 21—15(A) 
1 2 2 > 26—40 
1 1 2 ' bi) 
1 1 2 4 S—40 
1 > 3 3—O (B) 
1 1 2 3—0 
1 1 2 8—0 (C) 
1 se 1 1—15 
1 P 1 O0—12(D) 
plates in end of car (B) 1 min. 25 sec. of this time 
air. (C) Doors not closed. (D) Doors not latched 
8.56 min. per man per car, 4 failures 
7—0 1 y 4 és 11 4 
3—10 1 1 om iad e 
9—10 2 2 ! 
6—35 2 2 4 
OF <a oe 2 2 4 
S—25 1 2 2 2 7 
65—) ee 2 2 4 260-—0 
5-10 ers 2 a 4 20—40 
5—50 ; 2 2 4 25—20 
1#—30 er 2 2 t 1IsS—4? 
a9 2 2 ; } ; 20 
2 2 2 6 4) 
2 2 2 6 30 
1 1 2 4) 
1 2 2 5 62—30 
1 2 1 2 6 11—0 
of per man per ir 
1 1 O15 
1 ; 1 O—35 
I 2 3 3—30 
1 1 2 1—0 
1 1 ND 
1 1 0—20 
1 1 IN 
1 1 
1 1 
per man per car 


ilike. See letter above 


and do open under such conditions; and experience has 
further proved that they dump the load. In this con- 
nection it is of interest to note that the Duluth & Iron 
tange Ry., a U. S. Steel Corporation road, operated 
Summers cars exclusively (when traffic decreased suffi- 
ciently to permit of it) during the latter part of the 
ore shipping season and no thawing was resorted to 
with these cars. 

In closing, the writer begs leave to dwell briefly upon 
the comparative performance of the Clark car No. 210 
and the Summers car; this mainly in view of the excel- 
lent showing of the former in five tests on the D., M 
& N. Ry., as per Mr. Martin's article, and the fact 
that the roads purchased 1,500 Summers against 2tt) 
Clark cars. 





The fairest and most conclusive proof of the compar- 
ative merits will be found in a series of tests per- 
formed by the Lake Superior & Ishpeming Ry., that 
company’s test sheet being reproduced at the bottom of 


this page. Clark car No. 210 made 14 trips. Summers car 
No. 10384 made 9 trips. For each trip where the test num 
bers coincide the ores, etc., were alike, the different 


cars having been pulled in the same train from the 
mines to the dock. The results are self-explanatory 
and give for the Clark car a summary of 8.56 mins. per 
man per car, against 1.16 mins. per man per car for the 
Summers car. The Clark car recorded four failures.* 
These tests were made during the summer of 1909 and 
it is a fact that the road shortly afterward was re 
ported to have purchased Clark cars. We are informed, 
however, that none of these cars are as yet delivered 
Yours very respectfully, 





Frederic Schaefer 
Summers Steel Car Co. 
ittsburg, Pa., Jan. 3, 1911. 


{In accordance with our usual practice we sub- 
mitted the above letter to Mr. Martin and his 
reply is given below.—Ed.] 


Sir: Mr. Clark’s knowledge of handling ore resulted 
from his training and experience in the iron and steel 
industry. He was Chief Engineer of the Tennessee Coal, 
Iron & Railroad Co. before his association with the Sum- 
mers Steel Car Co 

The general idea embodied in the design 
may be similar, and yet the one may be suc¢ 





the other fails. Other attempts than those referred to 
by Mr. Schaefer have been made to utilize the idea of a 
bodily moving door for dump cars, most of them ante- 
dating the date of Mr. Summers’ drawings Some of 
these have been patented If dump car patents rested 
on general similarity in the way the doors move, Mr 
Summers’ patents would have little value, as many 
swinging doors and means for moving them were patented 
prior to his entering the car business. He never de- 
veloped a design such as is used by the Clark Car Co 

Frozen ore in cars is difficult to dump, but it repre- 
sents only a small fraction of 1% of the ore handled 
Clark cars were opened under frozen loads, under the 
same conditions the Summers cars, during the closing 
of the season last fall, and there was not (to our knowl- 
edge) a report of failure to operate. This statement is 
based on the word of an official having in charge the 
dumping of ore. Mr. Schaefer's statement to the con- 
trary is not based on competitive tests 

In g 





ieral, the Summers Steel Car Co. was in the car 
business prior to the Clark Car Co.; and, at the time the 
latter entered into competition, the development of the 
Summers design had been carried to the point of selling 
‘ars which had been through the experimental stage 
The Summers car used at Marquette in the Lake Su- 
perior & Ishpeming Ry. tests was one selected from 800, 
ind was the perfected design. This car was equipped to 
be operated by air only. The Clark car was one hastily 
built in a boiler shop, and was often in bad condition 
rough no fault of the design, all of this being rec- 
ed by the officials of the Lake Superior & Ish 
peming Ry Immediately following these tests, the L. S 
& I. Ry. placed its order with the Clark Car Co. of 
the entire requirement of ore cars at that time, and has 
since entered into negotiation with this company for 








idditional cars This railway has not ordered any Sum- 
mers cars or any other design than the Clark car for 
handling ore since the tests referred to were made. In 
view of this situation, it seems superfluous to check 
Mr. Schaefer's report of the L. S. & I. Ry. tests We 
will note, however, that the first eight tests of the Clark 
ar and test No. 8 of the Summers car were not in 
ompetition; and further that, throughout the time of 
making these tests, various changes were hastily and 
temporarily embodied on the Clark sample car more or 
ess affecting its operation. Some of these features were 
for the purpose of reducing the length of the hopper 
opening to meet the length of the bins, and three of the 
items of comment (A, C and D, in the table) were due to 
temporary plates which were placed in the ends of the 
hopper for the purpose of shortening the opening. These 
plates bound on the doors of the sample car in closing 
The Clark car in addition to the hand mechanism 
was equipped with an air cylinder of about half the area 
and length of the cylinder on the Summers car. The 
delay of item (B) (in table) resulted from an experiment 
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to shake the ore out of the car with this cylinder. Dur- polluted by sewage, and by applying modern 


ing the time of this experiment three men were strug- 





ing to get the ore out of the Summers car Even as it 
stands the Clark car was operated in 3 mins. on this 
test while the Summers car required 3 mins. 30 secs 
Had the experiment not been made with the air cylinder 
on the Clark car, it would have been operated by hand 
n 1 min. 35 sees., as against 3 mins. 30 sees. for the 
Summers car operated by air Competitive test No 6 
hows that the Clark car was completely operated by 1 
man, by hand in 1 min. 15 secs., as against 5 mins 
30 sees. for 1 man on the Summers car with air None 
of the items A, B, C, or D either show or indicate that 
the Clark car failed to operate in any instance The 
troubles with the doors, therefore hould be classed as 


failures. It should be ur 





lerstood also that the Summers 
ars had every advantage in manufacture and hop 
work as compared with the Clark sample car, and that 
the latter car was not the same as the Clark cars now in 
service 

The fact remains that as a result of these experiments 
it Marquette and those carried on at Duluth, the Clark 
car has been sold to every road on which it has been 
demonstrated in competition with the Summers car; and 
it has received part of the order in every case except 
the L. S. & I. Ry., where it secured the entire order. We 
wish to thank you for the opportunity to answer Mr 
Schaefer. 

James S. Marti: 
Engineer, Clark Car Co 


Pittsburg, Pa., Feb. 1, 1911 


—_————————_-? $$$ ___ 
A Plumb Bob Knot for the Transit. 
Sir: Th slip-knot here shown for tying the plumt 
bob to the transit is used by some of the surveyors in 


the anthracite region of Eastern Pennsylvania. It is par 


ticularly useful in that district because of the large 
umount of underground surveying where the plumb bob 
is hung above the transit The common slip-knot, un 
less tied 








occasionally slip when not de- 
upon the transit, which usually 


sired, letting 


Plumb 
2 
fofeze 


results in breaking the glass of the compass-box If 
the ordinary slip-knot is tied tight enough to insur 
safety there is difficulty in slipping the Knot to adjust 





the length of string 

The following knot overcomes this difficulty, and re 
quires no longer to tie than the common slip-knot. Figs 
1, 2 and 3 
shows the completed knot Start as shown in Fig. 1; 
then make the loop A, Fig. 2, with the forefinger and 
bend forward and a s B to the left until loop A takes 
the position shown in Fig. 3. Hold A with the thumb 
(Fig. 3), until C is pushed through it with the fore- 
finger Now let loose of D with the right hand and with 
t pull C on through loop A, which gives the final knot, 
1s shown in Fig. 4. Pulling E, Fig. 4, unties the knot 

M. L. Lee 

23 West 118th St., New York City, Dee. 20, 1910. 

{Various other ways of fastening plumb bob 





lustrate the steps in tying, and Fig. 4 





lines will be found in Eng. News, July 5, 1900, 
p. 9; Aug. 16, 1900, p. 109, and Sept. 29, 1904, 
p. 289.—Ed.] 
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State Sanitary Zeal and Ignorance in. Oklahoma, 
with Particular Reference to Water-Supply 
and Sewage Purification at Oklahoma City. 


Sir: While every effort should be made to secure a 
reasonable degree of purification of the sewage of the 
cities of this country, experience clearly shows that the 
complete removal of sewage pollution is not essential 
when water purification plants are established Many 
cities are taking their water from streams even grossly 





scientific 


methods of purification and sterilization, have some of 


the lowest typhoid fever death rates in the country. 

The same is true of many cities in England and on 
the Continent. Purification plants such as those estab- 
lished at Albany, N. Y.; Philadelphia, Pa.; Pittsburg, 
Pa.; St. Louis, Mo.; Cincinnati, Ohio; Columbus, Ohio; 
McKeesport, Pa., and many others, can no longer 


considered as merely in their experimental stages. Proved 


be 


statistics and scientific analyses are daily showing what 
these installations are accomplishing in the way of re- 
juced death rates in these cities 

In Germany greater attention is paid to perfection in 
water-supply than to perfection in sewage effluents, and 
n that country we find the death rate from typhoid 
fever is 5.3 per 100,000 as opposed to 45 per 100,000 
n America Here the distribution of pure water is not 
considered so essential, judging by experience. 

Yet, in spite of all this demonstrated efficiency, engi 
neers are frequently set aside and derided by those in 
official positions who should know better. When we con 
ider all that has been accomplished by purification in- 
stallations in the way of reduced typhoid fever death 
rates in the many cities in this country, the concrete 
case of 1iorance recently encountered by the writer on 
the part of state officials of Oklahoma seems almost past 

















l Let the written and signed statements of 
Oklahoma's official scientific authorities upon this mat- 
ter of water purification speak for themselves. 








Some six months ago the writer was called in by the 
ities of Muskogee and Oklahoma City to desi for 
them adequate and improved water-supplies, and in the 
ase of Muskogee improved sewerage facilities and gar- 
bage disposal. In Oklahoma Cit 





y the contract included 
ie investigation of every possible source of water-sup- 
ply for that city, and the recommendation of that source 
ind plan which in my engineering judgment seemed 
wisest, best and most economical for the city to adopt. 
Oklahoma City has for many years been obtaining its 
water from the North Canadian River, the average flow 
of which throughout the year is somewhere in the vicin- 
ty of 500 cu. ft. per sec. After a careful consideration 
of every other possible and impossible source of supply 


| 








New 


Fig a F 9 4 
suggested by citizens and other engineers, the pian re 
ommended by the writer included the construction of a 
dam upon this river, impounding about 8,000,000,000 
gals. of water, sufficient to carry Oklahoma City througt 
more than a year’s drought, and a complete water 
oftening, purification and sterilization plant 

About 100 miles upstream, measured along the mean- 
derings of the North Canadian River, is situated the 
town of El Reno, with a population of about 8,000 peo 


ly 50 or 60 miles further up is another 


ple; approximate 
mall town of about 2,000 Neither of these towns has 
a complete sewerage system The average discharges 
of sewage at El Reno is %%-cu. ft. per sec., as compared 
with an average stream flow of 300 cu. ft. per sec. The 
Yukon, with a population of 1,000, situated at 





distance of 16 miles is at 





present time in 
stalling a sewerage system, including a sewage-disposal 
plant 





Although the »lans for the new water system for 
Oklahoma City provided for a complete and thoroughly 
up-to-date filtration and softening plant, including steril- 
ization, the writer took the precaution to point out the 
advi 





ability of the city’s taking immediate action to see 
to it that the towns above were compelled to adopt some 
rational method of sewage purification before discharging 
ze effluent into the North Canadian River 


sstion of voting $1,250,000 bonds to carry out 





the sews: 

The qu 
the proposed plan for an improved water-supply was 
before the people of Oklahoma City for seven weeks, and 
received the endorsement of the City Council, the Cham 


citizens’ committee which had been 








ber of Commerce, 


appointed to investigate the entire proposition, the Okla- 
homa State Engineering Society, and most of the most 
reliable men of the community, after each had given the 


proposed scheme of water-supply and purification their 
careful examination. The need of the city wa very 
great, for during two or three months of the year 1002 
and 1903, the river went practically dry, but the popu 
lation of Oklahoma City at that time was only about 
10,000 people, most of whom were supplied from well 

rhe present population of Oklahoma City is about 65,000 
people, and during the past summer the flow of the 
river was not sufficient to supply the ordinary demand 
made upon it and for many hours the pumps had to be 
shut down and the city left without any fire protection 
whatever Nor has the city a present supply sufficien 
to offer water to new industries, or to extend its mains 

Four days before the election ertain state official 
attempted to coerce the Mayor of Oklahoma City into 
going before the Legislature, then in session, to secure 
for them the passage of certain bills proposed by the 
State Commissioner of Health, which the Mayor had 
not seen, and which seriously affected every city and 
town in the state, under the penalty of their opposing 
the bond issue if their wishes were not acceded to rhe 
Mayor opposed this principle of swapping votes, so to 
speak 

His statement in the papers regarding this matter wa 
as follows: 

1 would rather go down to defeat, than to sacrifice the 
city of Oklahoma by agreeing to back a bill fathered by 
Dr. J. C. Mahr, State Health Officer, and Kate Barnard, 
State Commissioner of Charitie and Corrections, which 
would require all cities in the state lo construct a sew 
age tarm which would mean to Oklahoma City more 
than $2,000,000 and to the state more than $25,000,000 as 


a whole. (From he Dai Oklahoman of Feb. 14, 
1911.) 


‘his statement was made by the Mayor after the fol 








lowing statements had been made, circulated and pub 
lished over the signatures of the State Commissioner 


of Charities and Corrections, the State Health Commis 


sioner, the State Chemist and the State Geologist The 
campaign of opposition was opened by these state offi 
ials in the following published letter: 


KATE BARNARD SEES DEATH IN RESERVOIR 

Editor The Daily Pointer lt is proposed that Tues 
day we shali vote $1,250,000 bonds for a water-suppiy, 
and up to a few days ago the most of us supposed we 
were going to gel water Since then some trighttul facts 
have been disclosed to us—tacis in regard to this water, 
Which meaus devastation and death unless somebody 
puts a stop to it, and because nobody else seemed wili- 
ing to undertake to warn the people, 1 have accepted 
this grave responsibility and unpleasant duty. 

Now, Mr. Voter, | wish to ask you some questions. 
bo you wish to drink liquid sewage? Do you wish to 
have the offal and filth trom the sewers of KE! Reno and 
Yukon dumped into the water you drink? Are you will- 
ing to teed this liquid poison to your wife and child 
Are you willing to vote $1,250,000 of your hard-earned 
money tor a big pond of liquid filth? Do you wish the 
leath rate of Okiahoma City to increase until it drives 
the tenants from your buildings and trightens investors 
away? Do you wish to teed them impure liquid poison 
so you may dig graves for your dead and make a huge 
cemetery and a small town of Oklahoma City? Do you 
wish to spread typhoid and epidemics and pestilence 
through the city we have ali labored to build? 

It you do not wish these things, then vote against 
the waier bonds until a law is passed through our iegis- 
lature compelling El Reno and Yukon to take their 
sewers out of our proposed water-supply. By all means 
vote against the bonds Tuesday and protect your loved 
ones from this infamous scheme to dam up a big pond 
oft deadly disease germs. 

Oklahoma City wants water; he needs water; she 
must have water—but she wants WATER, mind you, not 
a filthy liquid trom the sewers of El Reno and Yukon. 
You have heard much from the engineers who are inter- 
ested in making a per cent. out of the bonds. Come now 
and hear trom those who are interested in promoting 
the health and lives and happiness of the citizens ol 
Oklahoma City These New York engineers may give 
us liquid sewage at $1,200,000, and then they may retire 
to their beautiful home on the banks of the Hudson 
River and drink from their own pure water-supply, but 
we will be left behind to bear the burdens and care 
for the dying and bury the dead and some of us are 
quite as much interested in protecting the health and 
lives of the citizens of Oklahoma City as are certain 
engineers in making a per cent. on a million and a quar- 
er of our money. 

1 am pertectly willing, personally, and I am a taxpayer, 
to pay $2U a year for 4U0 years for clean wholesome 
water, but not one cent have | tor sewage and filth and 
while I live it shall be over my protest that any engi- 
heer, for any amount of money, be permitted to feed 
iquid sewage to the helpless poor 

All those who are interested in the lives and health 
of the citizens of Oklahoma will please come to a public 
meeting at the court-house Monday night at 8 o'clock. 

Kate Barnard 

Later, the State Commissioner of Charities and Correc 








tions again said over her own name, and published 
broadcast, the following: 

1 thought of the typhoid epide 
small-pox cases and social diseases which infect every 

ity I thought of the sewage fro these sick bodies 
being treated by chemicals and then given to the mouths 
of our helpless poor to drink 1 thought of the typhoid 
epidemics we have had in our city and I wrote our State 
Health Commissioner, Dr. Mahr, and our State Chemist, 
Dr. De Barr, and asked if in their opinion this sewage 
would be made safe for drinking purposes by subjecting 

to the chemical process? 

I have under seal Dr. Mahr’s statement, and also a 
ied letter from Prof. De Barr in which both say thi 
water ‘“‘cannot be made safe for drinking purposes until 
the sewers are removed from the Canadian River,’’ which 
is our water supply 

Again: I told them if they would wait ten daye and 
pass a law through the legislature compelling the use 
of SEWER FARMS, such as they have in Europe and 
many states of America, thus removing the sewers from 
our water-supply, | would then stand for the bonds 

Again, on Feb. 12, Miss Barnard writes in the “Daily 


Oklahoman:’’ 


mics in El Reno, the 
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Indiana and Kansas an aggressive fight being waged 
igainst urther contamination of the running reams 
xt water now used y municipalitic ior domestic pur 
pose Yours truly 
(Si oe Mahr 
State Con oner of Health 
Concernit the El Reno and Y ewage entering 
the ver t te Chem 8) Je Barr, made the [ol- 
owil iteme 
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é a drinking water ior Okiahoma Cily 
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| y way is to not allow this sewerage [sicj 
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Oklahoma City. 
In view of the above tatemenis, made by the 
ts of th ate of Oklahoma, it is interesting to re- 
member that 1@ walter entering the Columbus, Ohio, 


storage reservoir is polluted by a tributary population 


tributary 


square miie, 


while the 
at Oklahoma City 


is at the present time five persons per 





ota miver irom 





Columbus draws its water- 
North 


1,035 sq. mi., 
15,000 sq. mi. 


supply i 
Canadian River is 
In other words, the proportion of pollution in the Colum- 


City 


ervoir to that oi the 


16 to 1. 


proposed Oklahoma 








he ite Geologist, ( s. N. Gould, added his word 
Oo th ) nature, as follows. 
Speaking r and purifi a 
fie 


hot be materiaily m- 








ia City will yntinue to 
the sewerage [sic] of El Reno and other towns 
he dead horse and cattle trom the hundreds of fa 
and I: n ailotments in western Oklahoma will till 
be dumped into the river of them will wash 
down into the reservoir will always be hard 
ire he on 











to Government in the office 

‘ Board of Heaith, Oklah leads other 
n the per oid s Bacteri- 
us tl eservoir will 


purify 
1 will take vut all 





at no fi 





the typhoid germ people of other 
e uch as Pitt ling, drink sé 
l and die of typl ho reason 
pe of Oklahoma City should do the same 
Per ally whole matt would be mo amusing 
t were i or the fact that these opinions, coming 
rom those who should be leaders of thought among thé 
eople, were iken as gospel truth and caused tbe rca 
I » stampede 


Alexander Potter, 
Consulting Engineer. 
Feb. 22, 1911 


make a 





St New York, 
ignorance that 


astray. 


team are 
That 


contro- 


likely to go fast and far, 
true in 
not tell Sanitary 


ngineer, chemist or bacteriologist who reads the 


but far 


has proven this Oklahoma 


versy we need any competent 





uttera S ¢ 1 in the foregoing letter as coming 
rom four state officials of OKlahoma. Perhaps the 
initary ignorance of the commissioner of char- 
ties é isable and that of the geologist partly 
s r at least h ght be excused did they not 
nake them es nd iders of the blind. But 
1 State Commissioner of health and a state chem- 
ist ight to Know the fundamental principles of 
Water sanitation sufficient vould 
not se n to pia more sewage 
put m than in Water! 

How many years w t b vefore laymen, 
wh ler nmissioners health or of charities, 

ir that irning sewage is impossible; that 
sewag rms are no longer adopted in new in- 





n Europe, are partic 
ind 


paid running expenses and capital 


llarly unsuited 


conditions have rarely if ever 


charges any- 
annot be 


for drinking 


where; tna ige purification alone ec 


relied upon to protect streams used 
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Water; and that a combination of water storage 


in an immense reservoir, with subsequent filtra- 
tion, followed if need be by disinfection with 
hypochlorite of lime or soda is the best sateguard 


that can be afforded to any 
Ed.] 
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Waier-Supply subject 


to sewage pollution? 


The Basis of Appcrtioning the Cost of the Massa- 
chusetts Metropolitan Water System Between 
the Various Communities Aftected: A 
Correction. 


nen h hod of apportioning 
the cost of the Metropolitan Water Works, which ap 


Feb. 23, 


2ral ina 








ing the me oO 
zineering News ol 
Holmes 
letropolitan Water A 


1911, in an 
t, as enacted in 1895, did 
not provide lor he appointment of a 
it provided that beginn 
$500,000 hou 


ommission to di- 





with the year 
ISYS an 


assessment oi 


1 be levied, to be 


nereased $200,000 annually until the amount levied 
should be equal to the amount necessary for the pay 
nent oO he annua rest, sinking-fund charges and 


ost of maintenance 
Boston 
Ot the total assessment wil 


to the total 


The city of was required to pay the proportion 


h its a 





sessed valuation bore 
Water 
lowing, however, but one-sixth of the valuation of towns 
luded in the district but 
water. The 


valuation of the entire District, al- 


which were in were not supplied 


with portion of 


the assessment paid by the 


cities and towns outside of Boston was divided one-third 
in proportion to their respective vaiuation 


thirds in 


and two- 
and 


proportion to their popul 





u, the ities 
Metrop 


I 
Works being required to pay but one-sixth of the amount 





towns not taking their supply from 








would have 


which they paid had they received their 
supply from the Metropolitan Works. 
In 1900 it appeared that the amounts arbitrarily fixed 


by the Act were much less than were 
fund and 


essary to pay 


needed to meet the 


interest, sinking maintenance requirements, 
these charge 


101 


making it ne from loans, 


ind the law was modified so that in and subse- 
quent years the full amount has been 
District. 


In 1906 the quantity of 


assessed upon the 





water d was substituted for 


ssment of all 





population in apportioning the as munici 





palities supplied with water, with the exception of Bos 
ton, which still paid in proportion to valuation. The 


towns which did not re- 
Metropolitan Works 
ged to one-fifth of the amount 


proportion paid by cities and 





supply from the was at 





the same time ¢ 





paya- 





ble on account of v ation, with no charge whatever on 
iccount of consumptior In 1907 and subsequent years 
the cities and towns, including Boston, paid one-third 
§ the amount required to pay interest, sinking fund and 


maintenance expenses in to their respective 





I 
valuation in the preceding year, and the remaining two 
thirds in proportion he ¢ of water in the 
preceding year by the cities pectively In 
the ties and towns not using one-fifth of the 
valuation is used in determining the assessment and no 
charge whatever made on account of water used. 


Dexter Brackett, 
Engineer ot Water Works 
Metropolitan Water ind Sewerage 


Boston, 


Board. 
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More Discussion of License Laws for Engineers. 


Sir: As an old subscriber to Engineering News, I am 


your editorial in your 





issue of yesterday upon ‘“‘The various bills’’ to license 


does not ring true 

















ul hammer test 
to use your 
‘ yns for this One 
oO ipied with their eg 
study and prep opil 
eng ering prac € \ 
pecial study y ome € 
ilar field to w ey rela 
You peak o iw ye ind doctor n yur d uss10 
e engineer i ensed practitioner, and I am 
pleased that you have 1iosen two examples so nobly 
filled and so widely known in genuine appreciation | 
us all Yet you ) li other should know hat 
lawyers are n¢ i to lead e Bar Associatior 10 
perhaps be a top-no orporation attorney, nor perhaps 
be he brightest star anywhere vy le in that vast uni- 
verse o Is 1 € S eacn 1 es rue 
ips re ed 0 leaven ype 
1¢ nd ur pathw hte is We 
liss the and briars and st f life's journey 
You, o athers, should kno all doctors are 
ot specialist every e of that splendid profession 
vet you do 1 le are skilled in surgery 
and still other nt grand speciality of obstetrics, etc., 


ete., even though aws of this state 


ensed under the 


of New York. Why take a fling at the engineer? Why 





Vol. 65. No. 9. 


not be as charitable toward him? Are we to read your 


words as expressing ‘‘Battery opinions’’ and merely giv- 
ing “‘advice to brother members of the profession with- 
ut charge’? 

I had the great pleasure of listening to Professor 


Chandler, of Columbia University, the other 
facts in unstinted support oi 
the McGrath Bill No. %&, as opposed to the Hoff Bil 


No. 500, and, as charming 


evenins ih 


lis earnest presentation of 


illustrat.ou, he told in his 


way hov licensed’ doctors welcomed our arrival into 


the world, and how even ‘‘licensed’’ undertakers saw 
hat we were “shoveled oft properly, yet how our 
bridges we cross, our water we drink, our towering 


buildings we occupy, our roads we travel in life, and 


‘*profession”’ of engineering 
24W nowhere about them during 


engineer as 


the myriad examples of the 
construction a 
a uniform guarantee expressed to the 
such as a license 


licensed 
living 
would tend to give. 

splendidly expressed by Mr. W 
on p. 255 of the current issue of 
L wish heartily to endorse. 
would 


rhe sentiments so 


Newbrou 





your valued 
paper most 


ilk ciosing | 


resident in New 


most readers 


earnestly ‘‘urge our 
York state (including the writer of this 
editorial’) to inform themselves’’ about the 
Bill No. 96 introduced by Hon. Patrick J. 
I feel sure that they too will see that, *‘licensed”’ 

and doctor do good their 
favor, perhaps we, as humble engineers, can be likewise 
honored and protected in the eyes of the public by openly 
advocating the passage of this splendid Bill No. 06, 
not the Hoff Bill No. 509. 

Very truly yours, 

J. Calvin Locke. 
City otf New York, 


Assembly 
McGrath, 
if the 
arguments in 


then 


lawyer have 


and 


ISSO 


Wes 
Feb. 24, 1911 


seventh St., Brooklyn, 

LWe presented some of the reasons why licenses 
for engineers promise no benefit, either to the 
public or to the engineering profession, in our is- 
sue of Jan, If our correspondent has carefsally 
read that article he must discovered tnat 
cur opposition to bills affecting the 
engineering profession is based on our belief that 
any such legislation will work serious injury to 
the profession and no benefit to the public. 

The McGrath bill referred to, does not include 
mechanical, mining and 
practice, but it places the engineering profession 
and the engineering schools under the authority 
of the Board of Regents of New York, 
Which has already done enough to 
cation by its machine regulation of 
and examinations and ought 





have 


any license 


electrical engineering 


a body 
injure edu- 
curriculums 
by no means to be 
additional authority. 

Prof. Chandler’s quoted argument, does 
who knows engineering from the inside 
really think that ‘‘the bridges we cross, the water 
We drink, the towering 


given any 

As for 
anybody 
buildings we occupy,” 
would have any greater safety or economy of con- 
struction, if all that examination machinery 
the McGrath 


which 
bill proposes were set in motion and 
the engineers who worked on these things all had 
licenses? For nearly a quarter of a century this 
has given special attention to the 
tigation of which engineering work 
Was involved; and in cases where an engineer has 
fault, the error has been due to lack of 
experience and good judgment rather than lack 
of scholastic training. 


journal inves- 


disasters in 


been at 


l'urther than this, the public safety can be and 
is protected at the present day far more ade- 
certainly by inspection of the engi- 
neer’s finished work than it could be by any cut- 
and-dried examination and system. The 
bridge engineer’s work is subject to inspection by 
the Publie Service the high build- 
to pass the inspection of the city build- 
ing department, plans for 


quately and 


license 


(Commission, 
ings have 
sewage disposal and 
must pass the inspection of the 
Health. By that method the pub- 
but the attempt to test en- 
gineering ability and give it all one uniform brand 


can 


water-supply 
State Board of 


lic can be protected; 
afford no protection to the public against in- 
-Ed.J 


competent work. 


Sir: I am deeply interested in the question of licen- 
New York 
legislation on the subject there 


I am most forcibly impressed by your editorial arguments 


ng engineers which is now being agitated in 


State owing to pending 


n opposition to the proposed 


which I 


measure, and particularly 


so by these words from the _ issue 


of Feb. 23: 


quote 


There is about as much sense in such a proposition as 
there would be in declaring under the State's official seal 
that a man was properly qualified to keep a hotel, run a 
steam shovel, act as cashier of a bank, fill teeth in a 
st’s office and practice law. 





To my mind, these words sum up the proposition and 























March 2, 191. 
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l ent i vy weel work king labo ory 


ae : 7 ; oe not ente he drain in sufficient quantities to serve the low water of S ft. from St. Louis to Cairo and 
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— er ee ce ‘Bee ee l-in. pipes were regarded as sufficient for laterals in our readers will recall, the State of Illinois has 
Asheville, N. C., Feb. 25, 1911. ; England. Large numbers of 1%%-in. tiles were used in had before it for some years the project for 


iraining Central Park, New York, and 2-in. tiles were spending $20,000,000 upon tl} 


his waterway with 
: enerall mployed when nder-drainage was first in- + : ¢ : } ant 
> American In- ne under-drainage as fir the idea that the water power to be created will 
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view. ses produ aor are Se upon close sol's OF pill to carry out this $20,000,000 


At all events 4-in 
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The Most Favorable Depth and Dimensions 


the Waterway. 
rom the Great Lake to the 


have been proposed varying in depth from 4% to 
oe if In det 


Waterways Mississippi 





the most advisable depth of the 
waterway it necessary to consider the probable com- 
merce, its character, its origin, its destination, and the 
dimensions of the vess¢ in which tt can be most eco 


nomically transpor‘ed. 


Experience has shown that as a general rule coarse 
ind bulky articles seek water transportation, while the 
finer manufactured products are shipped by rail of 


63,218 tons 





transported through the St. Mary’s 


Falls Canals in 1910, about 97% consisted of iron ore, 


coal, grain and jumber. Crude manufactured products, such 
ingots, and steel naturally 


iter, and in thickly settled communities like 





iron, rails, are also 


hipped by w 





New York there is a large water commerce in building 
materials, such as brick, one, lime, cement, sand, and 
gravel 

The Illinois River flows through one of the richest 
farming regions of the United States. There are along its 
banks large mineral deposi especially coal, building 
tone, and the ingredients for makir cement, so that 
the valley apabie of producing a large amount 





of the commoditie which seek water transportation. 
lhe natural markets for this section are now Chicago 
and St. Louis, and were both New Orleans and the 


Northwest connected with the Lilinois suitable 


additional 


River by 
water transportation they might bec 


markets 


ome 


There are four sources of possible commerce 
immediate banks; 


Great Lakes; 


for the proposed waterway: First, its 


econd, the trisutary rivers; third, the 


and, fourth Gulf of Mexico 














The types of vessels which can most economically 
handle such commerce differ radically. A vessel navi- 
gating the ocean haa to combat violent storms and severe 
wave action, and requires st relations between length, 

lepth to secure good es, great stiffness 
1d maximum stability. For ocean service the 


of the past 50 years has evolved an economic 
a draft between 20 and 30 ft., 


ports 





principal vessels drawing 





10 It ire beir 
n the Great Lakes, sin 





waves are not as large 





as on the ocean, and of refuge are more frequent, 
ess tructural tren necessary in vessels, and 
for the same draft the displacement may be much greater 


than on the ocean. 
Experience on the Great Lakes has 


bulk 


evolved an economic 
with a length of 550 to 600 ft., 
which, when loaded to an ultimate draft of 21 to 24 ft., 
carries a cargo of 10,000 to 15,000 tons. The package 


freighter employed on the Lakes by the 


cargo steamer 


various railway 


corporations is of somewhat dimensions and has 
a draft of 18 to 19 ft. 


‘arry the 


smaller 
These two types of vessels now 
bulk of the iron ore, 
1e Great Lakes 


l 
has been reduced at 


coal, mer- 
transportation 


past 20 years. 


grain, and 
chandise of t ind the cost of 
least half in the 


On rivers, vessels are not exposed to wave action, 
and their structural strength and draft for the same dis- 
placement can therefore further be diminished The 
early river packet was a frail stern or side wheel steamer 
having a draft of 3 to 10 ft. frei 


it has now been generally disp 


freight 


-arrier 
by barges, which ex- 





perience has demonstrated to be more economical These 
barges have a draft not exceeding 8% ft 


3.000 


and a capacity 


up to They are 


tons assembled in tows and 
handled by a powerful towboat, in which the same econo- 
mies in steam consumption are obtained as in the modern 


lake or ocean steamship 

The experience of foreign nations in river navigation is 
similar to that of the United States, as is illustrated by 
the enormous traffic of the River Rhine which, according 
to the ‘Statistik des Band 226, 
amounted in tons between 
Strassburg and 


Deutschen Reichs, 


1908 to about 54,000,000 
the Dutch frontier. 


of the channel upon which thi 


The low-water depth 
large volume of freight 





was carried, as de 





ribed in the preliminary report of the 


United States National Waterways Commission, 110, 
was only 9.8 ft. for 10 miles from the Dutch frontier up 
to Cologne, thence 8.2 ft yr SZ miles to St. Goar, thence 


6.6 ft. for 79 miles to 





and thence 4 ft. for 
84 miles to Strassburg. 

About 30% of the traffic of 1908 used the river above 
Cologne where the available depths vary, as above stated, 
from 4 ft. in the section 
to a maximum of 8.2 ft 


immediately below Strassburg, 
in the section immediately above 
Cologne. Bulky commodities are transported in fleets of 


barges towed by special steamers designed for the purpose. 


The United States consul general at Berlin reported to 
the Department of State under date of A 18, 1909, 
that the capacity of the largest Rhine barges is 
2,600 tons, : 





over 





with a length of 1.6 ft., a beam of 39.6 ft., 
and a maximum draft of 9.4 ft.; that the largest 
towboat has a length of 249.3 ft., a breadth of 29.5 








ind that the most 
IP 
Under date of March 7, 


boats on an average are 


i powerful have from 1,300 to 1,450 
I 
1910, he reported that the Rhine 
‘ ft. long and 30.6 ft 
with carrying capacity of from 480 to 1,000 tons on drafts 
f + to 7% ft Package freight is separate 
steamers, and he stated that the capacity of the largest 
teamer is 975 tons, with a draft of 7.9 ft 
a length of 278.9 ft. and a breadth of 29.5 ft 
According to a made by Maj. F. A 
1903 the total 





beam, 


0 carried in 


Rhine freight 


report 


Mahan, 


Corps of Engineers, number 


retired, in 


of sailing vessels and towed barges on the Rhine was 
then 8,379, and the total number of towboats was 745, 
while of other steamers of all classes there were but 
378, including 156 package freight steamers 


According to information furnished by the American 
‘onsul general at Frankfort in 1908, the Rhine fleet con 
1,518 steam with 
of 295,849 and 9,759 barges with 


YO. STS tons, 


sisted of vessels indicated horsepower 
a carrying capacity of 


or 11,077 vessels in all. 





These figures plainly show the predominating character 
of towboat navigation No other river of 


1 commerce comparable with 


Europe carries 
that of the Rhine, and it 
is clear that for the proposed waterway 
to that now found on the Rhine wi 
immense traffic 

From the preceding it follows that if the waterway is 
to be used by vessels 
the Great Lakes, 


the economic 


a channel equal 
1 be adequate for an 


‘apable of navigating the ocean and 
it should be given a depth sufficient for 
‘arriers above described, and this, in the 


opinion of the Board, should be not less than 24 ft.; but 


if it is to be constructed for vessels adapted to river 
traffic, economic navigation does not require its depth 


to exceed 9 ft. 


The depth of 14 ft., so strenuously insisted upon by 





certain advocates of the waterway, is greater than 
necessary for river navigation, and entirely insuffi- 
‘ient for either lake or ocean vessel The only canals 





of 14 ft. depth of which the board has knowledge are the 
Canadian canals along the St. Lawrence River and the 
Welland Canal connecting Lakes Erie and Ontario, which 
were constructed in the infancy of lake navigation. Lit- 
tle use is now made of them for transportation to and 
This depth has not been adopted by any 
other nation, nor retained by Canada in recent projects. 


from Chicago 


A 24-ft. waterway from Chicago to the Gulf has never 
been considered by Congress, but its cost would be 
enormous, and even if constructed, it would never be 


used commercially by the for which designed 
Bar been developed to such 
eff ic that it is estimated in House Document No. 
192, 60th Congress, Ist session, that coal can be shipped 
from Pittsburg to New channel for 
0.376 mills per ton-mile, which is a low rate even for 
lake and ocean draft. 30th lake and 
ocean vessels are designed for use in waters of great 
depth and unlimited width, which they navigate with 
unrestricted speed and comparative 
rivers, other 
materially reduce their 


vessels 







e navigation on rivers has 


iency 


Orleans in a 9-ft 


vessels of 21-ft 











safety; but on 
waters, they must 
speed and sometimes require as- 


canals, or contracted 


sistance by tugs 
In the report 
York State, 


vessels is 


of the committee on the canals of New 
1899, it is shown that the first cost of lake 
so great, and their rate of speed on canals so 
slow, that interest charges alone will prevent them from 


ompeting with barge navigation. Moreover, on the 
Mississippi River, with its swift current, crooked chan- 
nels, and other difficulties of navigation, insurance 


‘harges would place them at a further disadvantage as 
compared with the ordinary river craft. 

Ocean, lake, and river boats have each been specially 
designed for the work they have to perform, and when 
diverted Should a lake 
vessel drawing 14 ft. attempt to engage in commerce 
between Duluth and Liverpool via the Mississippi River, 
it would be in competition with the modern lake freighter 
from Duluth to Chicago, the modern barge and towboat 
from Chicago to New Orleans, and the modern ocean 
freighter from New Orleans to Liverpool, each specially 
its portion of the route and able to 
freight for less than one-half the rate the 
14 ft. draft would be forced to charge. 

Considered as a business investment, a waterway of 
moderate depth from Chicago to the Gulf is still 
more or less experimental. There is already maintained 


therefrom, lose in economy. 


adapted to carry 


vessel of 





even 








under existing projects a channel of 9 ft. depth from 
New Orleans to Cairo, and of 8 ft. from Cairo to St. 
Louis, and of at least 4% ft. from St. Louis to Chicago 


Vv 





the Illinois and Michigan Canal. With the exception 
from the Ohio River, the existing commerce on 
any portion of this route is small. 

To justify existing expenditures, commerce must 
be developed in the tributaries, and until it is created 
a further enlargement of the main stream will not be 
warranted. A uniform depth in the Mississippi and 
its leading tributaries will be far more beneficial to the 
navigation interests of the United States than a main 


of coal 


even 





hann it depth 


hannel of 8 ft. depth 


with shallow 





feeders AS a 
is noW maintained from Cairo to 


Louis, and can be extended from St. Louis to Utica at 
ively small cost, 








business caution dictates that a 
this depth be obtained and tested before en- 
ering upon enormously expensive projects of questionable 
utility. 


Should 


waterway ol 


commerce respond to these comparatively mod- 


erate expenditures and utilize the waterway provided, and 
should an increasing traffic 


or additional depth, then a 





demonstrate the 
hannel of 9 ft. 
be constructed from Cairo to Utica 
at a small 


necessity 
depth can 
This can be obtained 
additional cost and will correspond to the 


lent “OX hy t} ict 
depth provided by the existing projects for improving the 
Ohio and 


Rivers For the locks and 
other ne between Utica and Lockport 
depth should be obtained at the outset, 
cost will be comparatively 
When a %-ft waterway 


lower Mississippi 
Ww constructions 
the extra foot of 





I ts 
we ] 


small. 
has been provided between 





*hicvag : ie ’ . ' s 
Ch go, St. Louis, New Orleans, and the cities in the 
Ohio Valley, should navigation keep pace with the im- 


provement and 


still greater depths appear economically 
desirable, 


may be created without sacrificing the 
work now recommended by the Board. In such case, the 
original locks will provide for the 
smaller craft navigate the minor 
main stream, 


they 


still be valuable to 
which will continue to 
tributaries as well as the 

The course thus outlined corresponds to that which the 
Government has so suci essfully pursued with the large 
commerce on the Great Lakes, where it has deepened 
and enlarged channels as navigation has required. MHar- 





Sac f Ov ¢ : 

bors of > ft. depth and the new ~414-ft. lock at the St. 
Marys Falls Canal are now logi al; but to have con- 
structed them when the 


navigation of the 
confined to vessels drawing but 12 ft 
been a judicious expenditure of public 
Weitzel Lock is still 


of light-draft 


lakes was 
would not have 
funds. The old 
utilized for the passage 
relieves the new deeper 
locks, which are frequently taxed to their full capacity. 


profitably 
boats, and thus 

The board considers a bottom width of 160 ft. 
and 200 ft. in the open river above the 
ois sufficient for a channel 
depth. For safety and ease of 
should be excavated to 11 ft. 


in canal 
mouth of the 
of S or 9 ft. available 
navigation the channel 
in rock cuts and canals, 
given il ft. depth, 8O ft. width, 
With these lock dimensions 
about 9,000 tons of freight, 
with their tow 





and the locks should be 


and 600 ft. useful length. 


three barges, carrying 





may 
be locked through 


boat. 
A waterway of 


these dimensions would have a capacity 
exceeding 100,000,000 tons per annum, and would accom- 
modate barge tows carrying about nine times the ordinary 
train load of this vicinity. In addition, the vessels 
using it would be capable of navigating the Ohio and 
lower Mississippi Rivers. 
quire a diversion of 
Lake Mie 


lower 





Such a waterway will not re 
more than 1,000 second-feet from 
and this amount would not injuriously 


lake levels nor cause excessive flooding of lands 
n the Illinois Valley. 


higan, 


Cooperation With the State of Hlinois. 
On Dec. 8, 1910, the Hon. 
Illinois, ac 
chairman, and Mr. 
Internal 


Veneen, 
Isham 


Charles $8 
ompanied by Mr. 

Robert I. Randolph, 
Improvement 
peared before the 


gover- 
tandolpa, 
secretary, of the 
Commission of Illinois, ap- 


Board and made an explanation of the 
policy and plans of the 


nor of 





state in connection with the de- 
velopment of the proposed waterway. 

Briefly, the project presented by the State of Illinois 
ontemplates the development of 
ween Lockport and Utica 
igation 


water at four sites be- 
, and the improvement of nav- 
construction of five large locks, 80 by 
horizontal with 24 ft. depth on 
their miter sills. The uppermost lock of the series will 
be at Lockport connecting with Lake Michigan, and the 
lowest will be at Utica, connecting with the already im- 
proved portion of the Illinois River. 
Lockport and Utica are to be connected by channels 300 
ft. wide, 24 ft. deep as far as Lock No. Brandon 
Bridge below Joliet, and thence to Utica of not less than 
» ft. immediate, and not less than 14 ft. later, depth, and 
These channels 
at the mouth of the 
Marseilles, where short 


by the 


OOO ft. in dimensions, 


The locks between 





2 at 


a bottom width of not less than 200 ft. 
are to be in the river bed, except 
1 


Des Plaines River and at 


tions of canal are 


sec- 
proposed. 
This project is practically the as that printed in 
the 1909 report of the Internal Improvement Commission 
of Illinois, and the estimate of cost is $19,957,517. It 
differs from any ubmitted to Congress in 
that it proposes the utilization for power purposes of the 
water which may flow through the Chicago Drainage 
Canal and contemplates an ultimate channel depth of 24 
ft. for navigation purposes, though the estimates provide 
for 24 ft. only to Brandon Bridge and for 14 ft. below. 
The Board of 
a navigable waterway, 


sane 


heretofore 


Engineers whose report on a survey for 
14 ft. deep from Lockport to the 
mouth of the Illinois River is published in House Docu- 
ment No. 265, 59th Congress,. Ist session, estimates the 
cost of the same portion of the route at $15,647,902, but 
its plan 






contemplates two 


canals about three miles 
long at Joliet and Marseilles, and five movable dams 
and nine lock The locks are to be 600 by 80 ft., 


with 14 ft. on the sills, and existing conditions are to be 
changed as little as practicable, 


thus avoiding damages 








cree: 


er 
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to riparian owner whether for power rights or for 


overtiow. 
A careful examination has been made of t detailed 


estimates presented by the State of Illinois So far a 








oncernhs the engineering features alone, such as excava 
tion, construction of dams, locks, power plants, etc., the 
estimated cost is reasonable The State's estimate, how- 
ever, include nothing for flowage damages nor for the 
purchase Of water-power rights and franchises, and 
hould the outcome of jud il proceedings now pending 
cause these dat 





iges and rights to assume great value, 
the State’s estimate would then be insufficient. 

For purpose of navigation a diversion from Lake 
Michigan of less than 1,000 second-feet of water is all 
that will be necessary For purposes of sanitation the 
works of the Sanitary District of Chicago were designed 
to allow the diversion of 10,000 second-feet and now 
ontemplate a total of 14,000 second-feet, the additional 
4(U second-feet to be obtained by the diversion of 
water through the Calumet River and a connecting canal 
following the Sag route The War Department, while 
awaiting the definite action of Congress, has so far per- 
mitted the rsion of 4,167 second-feet and the Sanitary 
erstood to be using about 7,000 second-feet 
As the water which is ut being diverted from the 
lake appears to have already seriously affected the navi- 
gation of its harbors and connecting waterways, prompt 
ongressional action is recommended to limit the di- 
version. 





it 


pres 





While it appears to have been assumed that the Sani- 
tary District may be allowed to divert 10,000 second-feet 





so long as actually necessary for sanitary purposes, the 


diversion of the waters of the Great Lakes from their 
natural outlet for power development alone is inad- 





missible, under the re it treaty between the United 
States and Great Britain. The future diversion of water 
from Lake Michigan for any purpose is fraught with 
difficulties Not only has Canada an interest in the 
e United States must 
recognize, but every foot of water tlowing through the 
Chicago Drainage Canal lessens the flow at Niagara Fa!ls 
e St. Lawrence. River, 


where, due to the fall available, the same amount o 








maintenance of lake levels which 


and at he power sites along 


water will create about four times the power that can 
be generated from it on the Des Plaines and Illinoi 
Rivers. 

The treaty enables riparian owners of Canada, as well 
as of the United Siates, who consider themselves in- 
jured by such diversion, to bring suit in United States 
ourts to protect their interests. The claim that more 
than 1,000 cu. ft. per second is required for purposes oi 


navigation cannot be maintained. The treaty, however, 
recognizes as proper the use of water for sanitary pur- 
pose ind it is the opinion of the Board that only such 


water should be diverted trom Lake Michigan as is in- 


lispensable for sanitation, and then only with a pro- 
vision for proper compensating works in the outlets of 
the lakes to prevent a lowering of their levels Water 
hus diverted may be used incidentally for power pur- 
poses, but care must be exercised in authorizing the 


liversion of water for tary purposes, to restrict it 





those purposes alone 
The Board believes that the State is more generous in 


to the amount necessary 





its provisions for navigation than necessity requires, that 
the locks it proposes are larger than will be utilized, and 
that if it constructed locks 600 by SO by 11 ft., and 


reserved at each lock ground sufficient for an additiona: 
lock, it would fulfil all requirements, but it is also of the 
opinion th the State should be permitted to expend its 
own funds in such manner as it deems proper. With 
locks of the limensions suggested by the Board, the 
$20,000,000 authorized to be appropriated by the State 
hould complete th part of the waterway; and unless 
large expenditures are required for power rights, even 


the larger locks could be consiructed for that amount. 

Conditions Necessary in Connection With 

Cooperation to Fully Protect the Interests 
of the United States. 


A primary condition of any cooperation between the 
United States and the State of Illinois should be the ac 
eptance in perpetuity of full responsibility by the State 
of Illinois or its agencies for all damages by changes in 
lake levels, including cost of compensating works, and 
for all damages to riparian owners. 

By this means the United States, at a relatively small 
State of Illinois, 





outlay, can, with the assistance of tl 
make a test of the commercial value of an adequate in 
land waterway connecting Chicago with the cities of the 
Mississippi Valley The plan of the State of Illinois 


to provide a navigable connection between the Great 
Lakes and the M issippi River may be of such com- 
mercial value to the United States as to justify generous 


cooperation in its completion. The records of all pre- 


iol into the merits of such a waterway 





vious invest 
support this view 

There is no objection to the State's giving the channel 
such dimensions as it may consider advisable in order to 
preserve the head of water for power purposes, provided 
they are not less than those considered necessary for 
navigation. Increased widths and depths will be inci- 
dentally of benefit to navigation by diminishing the ve- 
locity with which the water will flow in the channel 
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Plans and Estimates of the Cost of Work 
Recon 





nended to be Done by the United 


States. 

The existing Federal project for the improvement of 
1e Illinois River, adopted in 1880, together with the 
existing State project, provides for a 7-ft. slackwater 
navigation from Utica to its mouth, which has been al 
ready obtained by dredging and the construction of 
four dams, with locks 350 ft. long, and 75 ft. wide 

When this project was adopted the low-water discharge 








of the Illinois River was only about 500 cu. ft. per sec 
ond at Utica and about 1,000 cu. ft. per second at its 
mouth The opening of the Chicago Drainage Canal in 
100, however, radically affected the character of this 
stream, and has increased its low-water discharge at the 
present time to over 5,000 cu. ft. per second, and 
raised the level of low water so that 8 ft. can be carried to 
Grafton, provided that the upper miter sills at Henry 
and Copperas Creek are lowered about 1 ft., the crests 
of the dams are restored at the heights to which they 
were originally constructed, and portions of the pools 
deepened slightly by dredging 

While the present locks are smaller than the Board 
would recommend if new structures were to be created 
they will efficiently provide for an extensive commerce, 
though large tows will have to be passed through them 
in sections. If a commerce should ever develop that 
would require the construction of larger locks, or a 
lepth of 9 ft., the nec ry locks can then be added. 
Using the present locks, the estimate for an 8-ft. water- 
way from Utica to the mouth of the river, is as follows 





Excavation in pools and in river below Kamps- 


WhO occ wesauses cvaachacer eters cexcueemurs cocese $887,545 
Lowering miter sills and reconstructing gates.. 60,000 
Restoring crest Kampsville Dam.............. 7,000 
Miscellaneous and contingencies, 10%.......... 95,455 

SOE cde nthe ee eh eee aes eiilwiece: wis ara-e, as, a SRE 


Including new locks the estimate for a 9-ft. waterway, 
which may ultimately be required, is shown in the table 
at the bottom of the page 

The annual cost of maintenance below Utica is esti 
mated as follows: 

For an S8-ft. waterway: 
Pour locke, at GiGGeik cc cc ccwsccscsccccies Gee 
DPOGSING .ccccccce Saar ha repgreee . 25,000 


$65,000 


For a 9-ft. waterway: 
Four pairs locks, at $14,000.......... ... $56,000 
DFOGEINE éaccweccs da vouunesas ; 30,000 


91,000 


Above Utica: Five locks, at $10,000............. $50,000 





The report of the Board of 1905 for obtaining a 14-ft. 
waterway (H. Doc. No. 263, 59th Cong., 1st sess.) provides 





for a movable dam at Alton, and a canal on the east side 
of the river between Alton and St. Louis, considered 
necessary for such depth on account of the steep slope in 
the Mississippi River in the vicinity of the Chain of 
Rocks between St. Louis and the mouth of the Missour 

River, the large amount of sediment in the Missouri 
River, and the extreme variation in the regimen of the 
river at this locality. 

For an 8§-ft. channel the main river can be utilized 
and the depths obtained by contraction works and shore 
protection as on the upper Mississippi and below St 
Louis more cheaply than by a lateral canal This will 
also allow to Missouri River boats free access both to 
the upper Mississippi River and to the portion of the 
river between St. Louis and the mouth of the Missour 
tiver, which would be cut off by the Alton Dam To 
obtain an &-ft. depth, it is proposed to contract the river 
250 to 2,100 ft. by a system of 





to widths varying from 1 





wing dams, to revet the caving banks, and to excavate 
through the Chain of Rocks a channel 500 ft. wide and 10 
ft. deep at low water. The estimated cost of this work is: 


ST. LOUIS, MO., TO GRAFTON, ILL 

Wing dams: 
Grafton to Missouri River, linear feet, 60,400 
ge rere tr ree aed $755,000 
Missouri River to St. Louis, linear feet, 


26,500, 662,500 





Total for new wing dams..............$1,417,500 
Repairs to old work..... ReleWsakameaeene 150,000 
Shore protection: 
Grafton to Missouri River, linear 
feet, 64,000, at $8... 
Missouri River to St. Lou 


$512,000 





Seek: GAGOR, at Bis dcccescccs 810,000 
Total for shore protection..............$1,322,Qu" 


Rock excavation at Chain of Rocks, cu. yds., 


138,000, at $3.50.. 483.004) 


a2 = 
62,000 






Miscellaneous and contingencies, approximately 





DEE Lictedaee ann awecewen eK tee arate 337,500 
"FOG vcacrncucsseeses as Saal .. 35,710,000 
Subdivisions Length 

in miles 
Kampsville Lock to Grafton.............. 31.5 
La Grange Lock to Kampsville Lock......... . 46.0 
Copperas Creek Lock to La Grange Lock......... 599.3 
Henry Lock to Copperas Creek Lock............. 
Utica to Henry Lock............. deteadeuneedus 

















The st of I 1a ma ter é estimated t $125 
OO”, hanne ired 

A ch ft. dept i ibseque y be obtained 
by dredg i ur tin ed iditiona ost of $75.000 
per year 

When the existing project for a S-f waterway from 
St. Louis to Cairo is ympleted n be maintained at 
9 ft by dredging for ur 1dd nal expenditure 
$109,000 annually 

The work recommended by the Board the near fu 
ture refore on ts of enlarging the hannel of the 
Illinois River from Utica to its mouth to 8 ft., at an 
estimated cost of $1,050,000, and providing an 8&-ft. chan 
nel in the Mississippi River from the mouth of the 
Illino to St. Louis, at an ¢ mated cost of 83,710,000 

Until it obtains further data the Board defers its report 
ipon the measure required ve the 
evels of the Great Lakes and far a 
practicable for the diminished ike by 
reason of any diversion of wate ligan 
upon the influence on volt iters in 





the Mississippi River below Ca t upon 





the climate of the Lake States by 





natural 
currents of Lake Michig 


+} 





upon the of the 





Mississippi between the mouth of the Il 





River and 
the mouth of the Ohio River by the construction of a 
dam at or near Jefferson Barracks, and a dam at or near 
Commerce, and the development of water power in 
lentally created by such dams 
Respectfully submitted, 

W. H. Bixby, Brig. Gen Chief of Engineers, United 

States Army; C. McD. Townsend, Colonel, Corps of 


Engineers; C. Keller, Major, Corps of Engineers; J 








igineers; John Bo 





B. Cavanaugh, Major, Corps of 
gart, Civil Engineer. 


—_ 


Resignation of Mr, H. E. Vautelet from the 
Board of Engineers for the Quebec Bridge. 


The serious division of opinion in the Board of 
Engineers for the Quebec Bridge, over the ques- 
tion of which bid to recommend for acceptance, 
has now resulted in the resignation of the chair- 
man, Mr. H. E. Vautelet, according to Canadian 
reports. The advisory experts appointed to set- 
tle the difference of opinion reported (as noted in 
Eng. News Feb. 16, 1911, p. 214) adversely to 
Mr. Vautelet’s contentions. A summary of the 
Whole matter is given by the Montreal ‘‘Gazette’”’ 
of Feb. 24 in an article reproduced below; our 
information from personal sources enables us to 
state that the references to the history of the 
Board’s work are substantially correct. 

Mr. H. E. Vautelet has tendered his resignation to the 
federal Government as a commissioner for the con 
struction of the new Quebec bridge Mr. Vautelet, with 
Charle Macdonald and Ralph Modjeski, was appointed 
by the Government to do the work, but they had not 
proceeded far when it became evident that the trio 
the cris 





com- 


would not be able to work harmoniously 
ng when Mr. Vautelet differed with his associates over 





the designs which had been prepared for the construction 
of the great bridge 
‘he official design was mainly Mr. Vautelet’s work 


} 


ind of course that gentleman supported not only his 
own plans but the tender of the British Empire Com- 
pany which had been prepared on the so-called official 
lesign, all of which was opposed, however, by the two 
other commissioners, Messrs. Macdonald and Modjeski 
When it became evident to the Hon. George Graham. 
Minister of Railways and Canals, and the off ils of 


the department that the enginee could not agree, the 








ont of two extra 





deadlock was broken by tl i 
experts, Messrs. H. W. Hodge, a New York bridge en 
gineer, and M. J. Butler, Vice-President of the Domin 


These two gentlemen went into 





ion Steel Corporatic 





the matters in dispute among the three members of the 
commission and came to the conclusion that th design 
prepared by Mr. Phelps Johnson, Vice-President and 
General Manager of the Dominion Bridge Co., aided by 
Mr. G. H. Duggan, Second Vice-President and Chief 





Engineer of the s orporation, and presented with 
the tender and on of the St. Lawrence Bridge 


Co., was the best suites requirements 





In a word, the wo lecided against 





the contentions f Mr. Vautelet and in favor of those 

championed by Messrs. Macdonald and Modjeski 
It is understood that Mr. Vautelet’s re t 

the hands of the Minister of Railways 


Hodge and But 


nh was in 
Messrs 


er came upon the scene, although the de 





1 
partment evidently felt that some onsideration would 


Total 

$376,860 
94 
R40, 850 
SBo 


& 


(a) 





505 O00 
310,500 {80.000 
417,800 168,000 





$1,668,909 2 OO 


$4,005 000 





anos 
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—_— eee eee 
t é to t ibject before de ‘iding to part length of a sufficient number of rollers. Under to the bridge, thence through pulleys along the 
N v A : = : apn ere the old trusses blocking was laid up on _ thes« bridge to the pier, thence up to the er acne 
: i ; ae ae tne I-beam groups and it came about midway be- and down again to about the elevation of the 
eh it i not probable that tween panel points LO and Ll. The eyebars of floor wher t was attached to one end of a steel 
. etna : Vuutsiet for sone the lower chord were of course unable as a bar about 6 ft. long A wire from the other 
beam to carry the weight of the bridge. At the shore end ran along the other span and over the 
\ iff ward has not yet been made, it shore ends, therefore, two 24-in. I-beams were cross arm and connected to the other end of the 
od t the mtract to build the super- set in place under the first two panel points and bar. The movement of one end of the bar then 
: 7: tee - : - nea es nie venting — up fe rae — — ae recorded the movement of the corresponding 
y 1M f te ea eo : i ee ri riage —— end of the bridge was lifted by shore end of the bridge and if both ends moved 
j e Pre lent ofthe Canadian Bride Co. jacks. Thus the lower chord did not act at all alike the bar remained level as it rose in front 
Walkery i: das th es | aR NGA Sena aan a as a beam. The hip verticals were stiffened by of the graduated plank. Another wit was 
etw the two companies has been brought bolting to each one a 12 x 12-in. stick of timber. stretched from the base of the pier to a pulley 
it for the purpose of building the Quebec bric It At the middle pier another plan was followed for on the bridge, thencé to the cross arm itil 
i ‘ iount of the successful tender reaches back to a connection with a weight hung even 

) where weel eve ind twelve million s With the bar to which the other wires were at 
| tated that a ugh practically an independent tached. This served to show the movement of 
truction iff will have to be organized, the effi the pier en where it ee aaa aaa pete 
ency of the Dominion Bridge Co. will not be impaired that of the shore ends T} Hata. ese 1 oe 
w hile vork e Quebec structure under way. Piss ee: a tee See eee 
' ins nih: ti, aaa hl al a about 35 ft. and the movement was nicely checked 

vetua ne o nstruction being about three years. On by this device. 

he bridge which fell with so much loss of life the south These two structures side by side are interest- 
1iore end alone was uuder construction, but the new ing for another reason than the method of 
ler i r both ends being carried on simultane- changing service from one to the other. Thev 
) entailing a larger staff show strikingly the increase in loading that has 
- been going on for railroad bridges since 1889 
when the first of the two structures was built. 
A Bridge Renewal on the B. & O. R. R Fig. 2. Lowering Wedges for New Span of Each of its four spans is of the pin-connected 
at Rowlesburg, W. Va. Rowlesburg Bridge. type, with eyebars for all main tension members 
By W. H. BOUGHTON,* Assoc. M. Am. Soc. C. E, a taal Winans : i neha nae hae pein diieni| ee capi bees oe 
On Friday, Dec. 16, 1910, the old Baltimore & . eee eee pe ; aes 7 be ae eae a teats gilt 
een ° : of the pier to be carried down to the carriage, new structure is riveted throughout, has no 
Gato a. bei le over the Cheat River at the shoes of both trusses on one side of the counters but stiff diagonals instead, and all 
Rowlesburg, W. = i. was roned out and a new bridge were set on a group of 24-in. I’s running laterals are stiff members. All this gives an ap- 
one rolled in. The actual time of rolling the across the pier and resting at their ends on the pearance of rigidity that is not at all dispelled 
ridges was 26 minutes, but traffic 


was held up 
extra time was required 
the 
dis- 


for 4 hrs. 17 mins. 
for 


The 
the double-track connections to 
the tracks to 


cutting 


id bridge, throwing the new 


tance apart and connecting up to the tracks on 
the new bridge when it had been moved into 
position. 

The old structure consisted of two separate 
single-track bridges each of two 160-ft. spans. 





Fig. 1. B. & O. Ry. Bridge over the Cheat River at 


Rowlesburg, W. Va.; Old and New Spans Side 
by Side After the Change. 


The new structure consists of two double-track 


spans instead. The view Fig. 1, taken after the 
transfer was made, shows the structures side by 
side. 

Erection of the new bridge was begun last 
summer. At that time double rows of piles were 
lriven on each side of the pier and on the river 

abutment, extending upstream far 


Vide support 


for the new spans be- 
ind downstream far enough to pro- 
old spans after moving. The 


or the 








nts were taken down and rebuilt of 
the new structure except that the 
hack-walls were left to be completed after 
t | were capped and braced 
On top of these were 
each consisting of eight 

"p 
the track were 2% ins 
n diame I t ft f ins. long, and were held by 
side bat » a spacing of 14 ins. ec. to ec. The 
irriag’ t ran on the rollers consisted of two 
9-in. I-beams extending under all three spans. 
Inder each truss short additional I’s were in- 
serted to distribute the load over the whole 


*Professor of Civil E 
sity, Morgantown, W. 


ering, West Virginia Univer- 





blocking over the carriages. 


The new spans were supported on the carriages 


in still another way, in order to provide for 
transferring the load to blocking placed under 
the shoes after rolling in. This arrangement, 


comprising Se operated by a right-and-left 


screw, is sufficiently shown in the sketch Fig. 2. 
The same arrangement was used at shore ends 
and at the pier. The support had bearing up 


the 
“ams clamped 


chord of 
24-in. I-be 


against the built-up lower 


this chord, reinforced by 


truss; 


to it firmly on top, carried the load as a beam. 
No reinforcement of the hip vertical was neces- 
sary in this case After removal of these wedge 
supports, jacks were set in their places to adjust 


the bridge to its final resting place. 

Neither the old nor the new spans had end 
floorbeams and therefore the end stringers were 
supported on the carriages by blocking wedged 
up. 

For power to move the bridge two hoisting en- 
gines were provided and set on the upstream 
side of the bridge, one on each side of the river. 


The blocks and tackle 
riages on top of the tres- 
tle downstream. Twomov- 
able blocks were hooked 
to each carriage and two 
fixed blocks to 
at the end of 
From each hoisting 
gine one i1%-in. hemp 
line was led around the 
near abutment and 
through the two pairs of 
three-sheave 


were in line with 


the «¢ 


ar- 


the piles 
the track. 
en- 


blocks in 


series, making twelve 


lines supporting the load; 
another line was led to 
the pier and_ through 


This 
arrangement was not suf- 
ficient to start the m« 
ment, but a hydraulic 
jack was used at the 
per end of each Carriage 

to assist in starting. Track and rollers 


similar blocks there. 


Ve- 
FIG. 3. 
USED 


up- 


had been 


long covered with ice and it was necessary to 
clear away the snow again just before the 


moving. 


It was important that all carriages move for- 
ward at a uniform rate and to check this an in- 
dicator was set up at the middie. A graduated 


vertical plank 
at the top 
bridge. 


about 40 ft. long had a cross arm 
about 8 ft. above the top chord of the 
A wire attached to one abutment ran up 





A. To Reinforce 2 Bars % Ze «4% 


as one stands on the bridge while a train 


passes 





over. The contrast, in this respect, between the 
two structures is very great. 

Of course the overloading of the old structure 
was Known and some attention has been given 
to it. The counters, which would necessari he 
most abused by an increase of live-load, have 
been reinforced. The method of doing this by 


adding members in 
the brit 


panels with 


in service is 


counters 
shown in Fig. 3. The 
iddle 

bars, incre 


after 
ige was 
form shown at A was 
to reinfe 


used in the m 
rece two %-in. square 
tion 1370. The 


lower chord 





form shown was use 


points of this 


panel so 


that at the 








t upper chord points the pins must 
have been driven back till the new member could 
be inserted This could be done in the middle 
panel with only adjustable diagonals running to 
the upper chord panel points But in the ad- 
jacent panels the form shown at B was used at 
the upper chord as well as at the lower. This 
form increases the section of the counter 38%. 

The superstructure of the bridge was 
fabricated and erected by the lintic-Marshall 
~. 
= 





7,” B. To Reinforce 2 Bars 4"x'¥. 


16 


END CONNECTIONS OF REINFORCING COUNTER-BRACES 
IN THE OLD SPANS OF THE ROWLESBURG 


BRIDGE. 
Construction Co. of 
work 
Construction Co. 


Pittsburg, Pa. 


the 


The sub- 
Youngstown 
Ohio. 


structure was done by 


of Youngstown, 
— > > —— 


rHE TOTAL 


U. S. Census of 


COST OF THE FIELD WORK 


1910, so far as statistics of 


OF 

popul 
Unite 
This 
work in 


THE 
ition 


ind of agriculture on the Continent of the 1 States 


fe concerned, was about $5,840,044). was some 


% more than was paid for the same 1900, 
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Annual Meeting of the Illinois Water Supply 
Association. 


The third annual meeung was held Feb. 21 
and 22 in the Engineering Building of the Uni- 
versily of Illinois, at Champaign, Il. fhe first 


sessiu Was opened about 2 pom. on Feb. 21. 


Following the address of the President, Mr. C. E. 


Slocum (Beileville), an address on the subject 
ol “‘Possibie Lines of Service of th University 
to Municipalities,’’ Was given by Mr. David 
Kiniey, Dean of the Graduate School. Hie re- 


lerred to the importance Ol investigation and re 
search work, ald to the ypportul 
lecling a tund ot information available tor the 
use of municipalities He tavored the enuact- 
INent olf laws Lor the regulation ol public utility 
corporations, and these iaws Would be welcomed 
by the corporations provided they were fair and 
reasonabie, He moved that 4 committee be ap- 


pointed to dratt resolutions eudursing such laws. 


Mr. D. H. Maury (Peoria), objected t 
not being proper action tor the issocliation to 
take, and he alsu doubted the wisdom of a small 
number OL Inembers adupting hastily prepared 
resulutions of this Kind as representing the gen- 
eral opinion of the society. The motion was 
not carried. 

A paper on “Rate Making,” by Mr. F. C 
Jordan (Indianapolis Water Co.), pointed out the 
great importance of this matter, upon which 
depends the success of a wWater-supply system. 
The rates must be sufficient to provide the 
Operating eXpenses, maintenunce, improvements, 
interest on tixed charges, and depreciation; also 
(tor private corporations) a return on the in- 
Vestiment sulficlent to encourage capital to In- 
vest. The courts have held that it is both the 
right and the duty of a company to provide 
for depreciation. ‘There should be no so-called 


see 


free’’ water, but each municipal department, 
ete., Should pay its proportion tor water tur- 
nished the city. Mr. Jordan was opposed to the 
meter system, and considered that if the city 
is properly informed in the matter it will agree 
to a rate that will be satisfactory. In the dis- 
cussion one member took exception to the view 
that the rates should provide for a special re- 
turn on the capital invested, the company being 
entitled only (in his opinion) to a return tor 
its services. 

A paper by Mr. T. C. Phillips (Chicago), on 
“Water Waste Surveys in Chicago,’” brought out 
some further discussion on meters. The paper 
set forth the view that such surveys or tests 
are more. effective than meters in checking 
Waste, but the opposite view Was expressed by 
some speakers. Mr. Maury remarked that the 
author estimated 33°) of the water pumped to 
be required for legitimate use, Jo tor leakage 
at plumbing, and 3835 leakage from mains. The 
failure of meters to check waste at Cleveland 
had been instanced, but the meter rates of that 
city were so arranged that much of the value 
of the meters in checking waste was lost. But 
meters in combination with a proper meter rate 
would effect the desired purpose. 

Mr. C. B. Burdick (Chicago), presented a 
paper on “The Relation of Intakes to the Purity 
of Water trom the Great Lakes.” It is gen- 
erally assumed that cities on the lakes have an 
abundant supply of good water avallable at 1loW 
cost, but the paper showed the necessity of long 
intakes to avoid troubles due to turbidity, pol- 
lution, and the blocking of intakes by ice and 
sand or clay. The relative cost of long intakes 
and of short intakes, suppiemented by filter 
plants, was discussed. Prot. S. W. Parr described 
some curious instances of the stoppage of steam 
pipes, the most interesting being a Compiele 
stoppage by ammonium salts in the riser of a 
steam heating system supplied by exhaust steam 
from a power pliant. There Was no return sys- 
tem, the condensation being discharged into the 
sewers. The water used was rather high in 
ammonia, and in the upper portion of the heat- 
ing system Conslderabie Bas collected Wherever 
the pipe was subject to a cooling influence there 
would be a tendency for condensation to take 
place, with consequent formation of crystals 


which eventually stopped the pipe. 
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The purification of water was treated in sev- 
eral papers. Mr. W. B. Bull (Chicago) described 
ti new and simple electro-chemical method; 


caustic soda produced in an electrolytic cell 


fed to the pump suction main, and at a little 
distance beyond an iron-chloride solution is in- 
troduced. The coagulation is very effective and 
the process is cheap, costing only about 45 cts. 
per million gallons. Prot. E. O. Jordan (Uni- 
versity of Chicago) in a paper on “The Bacterio- 

ey of the Swimming Pool’ described some ex- 
periments made in Germany as to the bacterial 

mitents of the water in such pools, and th 
effect of hypochlorite treatment in reducing the 
bacteria to a minimum. Mr. Geo. N. Prentiss 
(Chemist of the C., M. & St. P. Ry.) described 

me experiments with the treatment of boiler 
Water With barium hydrate. This is for use in 
cases Where the amount of water used would 
not Warrant the expense of a treating plant, the 
solution being delivered to the tender’s tanks. 
Some experiments have been made also with the 
use of soda-ash in connection with the barium 
hydrate in order to reduce the cost of the latter. 
Mr. W. F. Monfort (St. Louis Water Department) 
presented a paper on “Experiments in Water 
Treatment with Ozone’; in regard to this pro- 
cess Mr. Maury (Peoria) remarked that while ex- 
periments have been made at different places it 
is generally held that the ozone process is not 
yet on a practical basis for use in the treatment 
of water supplies. Prof. E. Bartow presented an 
abstract of a paper by himself and Mr. H. P. 
Corson on ‘‘Analysis of Chemicals Used in Water 
Treatment.” 

Well water supplies received a share of at- 
tention, and the uncertain yield of drift wells 
Was discussed by Mr. G. C. Habermeyer (Univ. 
of Lll.). Mr. E. MacDonald (Lincoln) presented 
in interesting paper on ‘‘The Condemnation of 
Land to Protect Wells,” in which he referred to 
certain court decisions on the matter. Mr. L. 
Pearse (Chicago) called attention to the Long 
Island wells for the water supply at Brooklyn, 
N. Y.; many of these were sunk in submerged 
land, but when the operation of the wells had 
drained the land owners sued the city for ‘“‘dam- 
ages.,”’ Mr. F. C. Amsbary (Champaign) pr 
sented some notes on “Deep Well Pumps,” and 
Prof. A. T. Talbot described a method for re- 
moving iron from a drift-well water. Other 
papers presented included the following: ‘Dia- 
gram for Friction Loss in New Cast-Iron Pipes,” 
by A. N. Talbot and M. L. Enger (University of 
Illinois); “Fallacies in the Bacterial Control of 
a Sewage Purification Plant,” Dr. A. Lederer and 
Frank Bachmann (Chicago), and “The Sewage 
Problem in its Relation to Water Supply,” by 
Langdon Pearse. 

Otlticers for 1911 were elected as follows: Presi- 
dent, Owen T. Smith (Freeport Water Co.) Free- 
port, lll.; Vice-Presidents, R, R. Parkin, Elgin; 
Cc. H. Cobb, Kankakee, and H. M. Ely, Danville, 
lll.; Secretary, Edward Bartow, Director of the 
State Water Survey, Urbana, Ill. 
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The Development of Paint Formulas.* 
By L. 8S. HUGHES.7 


Until very recent years there was no technology of 


worthy of the name; in fact, it is not too much 
, say that there was no understanding of the causes of 
ucce or tailure ot any tormuia. lt was recognized 
in a vague way that a Zinc paint was likely to peel, and 
that the addition of non-drying oils led to difficulties; 
and certan pigments were accepted as valuable, but the 
art of combining the various available materials was 
purely empirical; each formula was tried out without 
co-ordination of its results with the results of other 
mixes. 

Che reasons for the long persistence of this condition 


are not hard to recognize. First, there were no com 
prehensive or reliable methods for the testing of either 
pigments or paints Chemical analyses, even when cor- 
re ailed to account for the wide discrepancies ob 


served in the bebavior of paints of similar chemical com- 
position, and this method of examination fteli into total 
lisrepule among a Majority of painters and paint manu- 
facturers Second, therewas a widespread feeling that the 


vaiue of a paint Was in some occult way proportionate to 


Au adure read beltore the Chicago Section, American 

Chemical Society, Dec. 16, 1910, printed in the society's 
Journal of Industrial Engineering Chemistry,’ January, 
vil 

oplin, Mo, 








an" 
273 
he cost of the raw materials. Indeed, this curiously illog 
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0 by the Add on oO hative Miineral pigments, were 
r superior to their non 1 ipo ym, il necessarily 
ollowed that bh i ro Lined h redit, and so the 
1dvantage oO purity, r reedum mm anyti & 
except while lead aud z OX1de t e a very generai 
I ri or excellence 
Do ug a h eneral misrepre ition continued, 
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and thorough ex 


itiiuallou At lit he data were ot little value except 
In securing Uunilormity h sSupiy, DULL as the micro 
ype 1c Wore and more lnto use, Conjointly with 
proved t al hods, 1 became apparent that 





ructure and 8ize Ol particle were of no less importance 


ban chemical comiposilion Further, he lact began 
recelve recognilion that aii of the natural pigments 
ulilable lor Use alone (or straight ) were heterogen 
neous in size and aimost invariably so in structure. 

thi Was at Urst milsinterpreted into a rule which, 


while it contained the elements of an important truth, 


was evertheile ex as stated fhe rule at first 
Was that the finer the pigme portion ol a@ paint the 
better Lo prevent possible misunderstanding, it is per 
hap advisable to anticipate a liltle and to say here 
Hat the more modern fourm of this dictum is that the 
her the Major pigment in a paint the better, but that 
liere 1S advanlage in the pre ice Ol a Moderate portion 
‘ l y coarser pal S 

rhe apparently mysterious fact that the addition of 

ransparent Crystailine ingredients to most of the opaque 


pigments lnproved the hiding power of the latter proved 


a umbling-biock for a long time, but was finally elu 


lidated by a demonstration that showed this to occur 
only when the transparent materials were coarse enough 


lo aflord points lor capillary action, thus increasing the 





Hickuess Ol the cvuat, it naturally tollowed, and, in 

deed, was proved, that the diameter of the parti 
ke was Coincident with the thickness of the coat. 
rhese two points were of no little importance, because 


hey established a sharp differentiation between “opacity 
ind hiding power, two Characteristics which had been 


badly contused and generally regarded as identical 











fhese investigations were accompanied by coincident 
interpretations ol the chemical behavior of the variou 
igredients \ rst this cou ned f oniy with the 
behavior of 1e Straight pigm t and the I ults lound 
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fact, the preponderance Of evidence was enormously on 
the other ide irom the recognized superiority in weal 
ot the demonstratably stable iroh oxides, many dry 
viors and especially of the totally non-reactive carbon 
pigments. ihe dillerence in Color olf these from the 
hite pigments was apparently the reason for their lack 


of consideration—a thing which to-day seems so totally 





iadequate as lo approach the incredible. 
Many paint nh were never Salished of the correctness 
s belief, il was so generally accepted as to lead 
to legislative action by one State in the form of a law 
wh i rectly ¢ uraged paints made only from basic 


ead Carbonate and Zinc Oxide, two highly reactive pig 
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ept in so far as their undue proportion limited the area 
covered by the paint 

The work of the late Dr. Dudley and others outlined 
the general means by which the permeability of a paint 
coat by moisture and gases may be controlled and the 
necessity for heterogeneity of structure and composition 
became very generally recognized 

Satisfactory demonstration of the applicability of these 
various principles proved of no little difficulty, largely 
because there was little cooperation between the differ 
ent experimenters and partly because of what appeared 
to be hopeless discrepancies between the record of ex- 
posure test of analogous formulas in different localities 
In a general way it had been acknowledged that a given 
formula was better adapted to certain classes of work 
and locality but there was a strong underlying opinion 
that a really good paint would be successful under any 
conditions 

It is easy to be wise after the fact, but in the present 
light of the very comprehensive and valuable records of 
the cooperative test fences the local success of many 
paints contrasted with their failure outside of the range 
of the climatic condition prevailing at the factory where 
they were tested and developed would seem necessarily 
to have suggested the necessity or at least the desira- 
bility of adjusting formula to climate. It is true that 
suggestions toward this end have been made, but they 
are merely tentative. 

It remained for Mr. John Dewar, in his valuable re- 
view of test fence records, to make the declaration that 
no one formula can prove satisfactory under all climatic 
conditions. This dictum is the latest in paint develop- 
ment, and with it we may properly close a recital of the 
gradual development of paint-making rules and turn 
briefly to a consideration of their application to the use 
of those pigments which are in general use. 

ATLANTIC CITY AND PITTSBURG TESTS. — The 
records of condition of the white pigments used straight, 
as developed by their exposure at Atlantic City, is in- 
structive in illustrating the fallacy of the doctrine of 
“purity’’ as a criterion of reliability. The three types 
of basic lead carbonates showed ‘‘bad condition’’; zinc 
oxide showed ‘‘fair condition’’; the sublimed or basic- 
sulphate white lead and the zinc-lead showed records of 

good condition.” 

These tests were closely confirmed by the exposures 
at Pittsburg, although the character of wear in the two 
sets of tests was naturally quite different. 

The remarkable consistency with which the fumiform 
or sublimate pigments outlasted their pulverized and 
precipitated competitors is strikingly indicative of the 
benefit of impalpable fineness and amorphous structure 
in the major pigment of a mix. 

Without “exception the individual pigments showed 
improvement in behavior when employed mixed with 
others; the prohibitive hardness of the zinc oxide coat 
was greatly modified by addition of either of the white 
leads: the checking of the lead carbonates and their ten- 
dency towards discoloration were diminished by large 
admixtures of either zinc oxide or crystalline ingredients, 
while the sublimed or basic-sulphate white lead, which 
{like all the straight leads) exhibited a soft coat, was 
satisfactorily hardened when tempered by the addition of 
zine oxide. 

The recognized difficulty of securing satisfactory brush- 
ing with fumiform pigments only proved easy of elimi- 
nation by the employment of small amounts of coarser 
and crystalline pigments. Most satisfactory of all, per- 
haps, was the demonstration that the characteristics of 
a pigment persist in mixtures and are manifested pro- 
portionately to its amount therein. 

A complete demonstration of the advantage of modify- 
ing the faults of one pigment by mixing it with others 
of different qualities is at least strongly indicated by 
the record of six out of seven successful exposures of 
paints containing four pigments each. 

So consistent was the improvement noted with increas- 
ing heterogeneity that the committees in charge of the 
experiment have made unqualified declaration of the 
superiority of formulas containing both lead anc zinc in 
addition to mineral crystals. 

NORTH DAKOTA TESTS.—Attention so far has been 
given only to the tests at Atlantic City and Pittsburg, 
because the climatic conditions to which they were ex 
posed are representative of much more important areas 
than the other series of public tests—those at Fargo, 
North Dakota. 

That the latter have confirmed the generalizations of 
the Eastern tests is best shown by quotations from a 
report on the Fargo fences: 

It was conclusively demonstrated that mixtures of 
white lead and zine oxide, properly blended with mod- 
erate percentages of reinforcinfg pigments, such as as« 
bestine, baryt silica and calcium carbonate, have 
proved most satisfactory from every standpoint, and are 


superior to mixtures of prime white pigments not rein 
forced with inert pigments. 

The white leads painted out on the 1908 fence ex- 
hibited different degrees of checking; the mild process 
lead and sublimed white lead, which presented the best 
surfaces, were free from checking, while the old process 
leads seemed to He showing very deep and marked check- 
ing, even after one year’s wear.* 


While the generalizations were thus borne out by the 








*Bulletin 25, Scientific Section, Paint Manufacturers’ 
Association, p. 9. 


Dakota tests, it must be said that the limits of use- 


fulness of the various ‘“‘prime’’ (or opaque) pigments 
were differentiy indicated In the sea coast and Pitts- 
burg tests, very little trouble was noted in securing 


culty seemed to be to prevent undue permeation of the 
film by destructive gases and vapors—a problem most 


sutisfactory adherence to the painted surface; the diffi 


atistactorily solved by the employment of the excess- 
ively line fumiftorm pigments As the humidity was 
always fairly high in these exposures, the brittleness, 
due to hard coats with consequent splitting or peeling, 
wus not noticeable. 

In North Dakota, however, the aridity and wide range 
of temperature almost reversed the problen 1 i 
very tew coats perished by disintegration, many paints 
tailed through lack of adherence and the through undue 
hardness The high-lead mixes, with their consequent 
softness, proved best, and the advantage of reducing 
the zinc-oxide content for this region was demonstrated. 

A universal improvement in wear was observable in 
the tinted paints over the untinted made from the same 
white base’’ in all tests, without regard to locality—a 
difference so marked that it is doubtful whether it can 
be entirely accounted for by consideration only of the 
increased proportion of chemically stable pigments and 
the necessary increase in heterogeneity of structure. It 
appears probable that explanation must await a better 
understanding of the effect of light within the paint 
film. 

These various tests, confirming, as they do, previous 
research, bid fair to put paint compounding upon a 
proper technical basis. 

The formulae of to-day can be compounded to secure 
definite permeability, detinite hardness (by proportioning 
the lead and zinc pigments) and certain attachment to 
a suriace, either by use of a chemically stable fumiform 
pigment of sufficient fineness 


to enter the pores of wood 
or through insuring a 


soft coat by avoidance of zine or 
other hardening agents Thickness of coat can be ac- 
curately controlled by the amount and size of crystalline 
pigments employed, and checking or internal 
tion can be avoided by the selection of 
insoluble pigments. Indeed, i 
that the major functions, at 1 





disintegra 
non-reactive and 
t is not too much to say 
east, of our available pig 
ments have been accurately catalogued. 


While much remains to be done (especially in improv- 


the vehicle), the rapid progress that has been made 
in developing a scientific basis for 


paint compounding 
must be regarded not only as satisfactory, but as grati- 
fying. 
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The Interstate Commerce Commission’s Decis- 
ion on the Advances in Freight Rates Pro- 
posed by the Railway Lines East of the 
Mississippi River and North of the 
Ohio.* 


For several years past railroads have been insi 


isting 
that owing to the enhanced cost of operation, freight 


rates must be increased, and in the early 





summer of 


1910 tariffs were filed naming such increases upon all 


class rates and upon about one-half 


of the commodity 
rates within the Official Classification 


territory. 

An Act of Congress which took effect June 18, 1910, 
conferred upon the Commission jurisdiction to institute 
upon its own motion proceedings of inquiry into the 
reasonableness of rates. Acting under this provision the 
Commission, on July 15, 1010, instituted this investiga- 
tion 


These advances in railway rates are justified upon the 


has 30 increased that 
although gross operating income has continued to grow 
the net operating income has become and is insufficient 
The question presented to us is, Are these defendants 
justified in laying this additional 
upon the public for the 


net revenue? 


ground that the cost of operation 


transportation burden 
purpose of obtaining greater 
Assuming that the rates of a railroad are to be so 
adjusted as to allow it a fair return upon the value 
its property devoted to the public service, 
quiry should be, What amount is this 


of 
the first in- 
railroad entitled 
been fixed there 
source shall this 


to earn? When that amount has 
arises the further inquiry, From what 
revenue be derived? 

A railroad is ordinarily a carrier of both freight and 
passengers and of many kinds of freight. Now, 


how 
much net return ought its passenger 


business to yield 
and how much should be contributed by each kind of 
freight? This problem is greatly complicated by the 
further consideration that certain kinds of traffic 
move at all unless a certain rate 


will not 
is accorded, while the 
movement of other kinds of traffic is but little affected 
by the amount of the transportation charge 


The railroad rates of this country have not been con- 


basis, and this is 
especially true of the interstate rates. The traffic of- 
ficials who have established these rates 


structed as a rule upon any scientific 


have generally 





*The decision, which was prepared by Commissioner 
Prouty, is far too lengthy a document for publication in 
full. What is here given is extracts containing the main 
points made by the Commission, particularly those of 
interest to engineers 





done so without any special inquiry as to the total 
amount of revenue which ought to be produced or as to 
he part of that burden which a particular commodity 
ought to bear 

It is now the settled law that there is a limit below 
which the revenue of railways cannot be reduced by pub- 
fic authority, and if there were no such constitutional 
limitation it would nevertheless behoove every regu- 
lating body to permit the existence of such rates, when 
posible, as will yield just earnings to the railway. 

The Effect of an Increase in Rates Upon 

Various Interests. 

Since the beginning of this proceeding great numbers 
ot letters and petitions have been presented from in- 
dividuals, organizations, and committees representing 
various interests, some urging that these advances be 
anctioned, and others protesting against them. It seems 
o be the popular impression that this is in some sense a 
political question, which may properly be disposed of in 
accordance with the wishes of the majority. 

The railroad freight rate affects all classes of society, 
but in different ways. The investor in railroad securities 
desires that the rate be liberal in order that the integrity 
of his security may be protected. The railroad employee 
believes that the rate should be advanced, since if his 
employer has ample earnings he can obtain a larger 
share tor himself in the way of increased wages. The 
railroad supply house approves the advance because 
higher rates insure better business for it. 

Upon the other hand, the manufacturer insists that 
higher rates mean to him a higher cost of production 
and less profit in the operation of his factory. The 
inerchant urges that to increase the transportation 
harge is to increase the cost of his commodity and to 
limit the amount of his sales. . 

It should be noted moreover in this connection that 
those who are most affected by these advances are 
usually not represented at all in such discussions. While 
it is true that the increased rate adds to the cost of 
production and while at the outset this increased cost 
must perhaps be borne by the manufacturer or whole- 
saler, still in the end the freight rate, like every other 
item of expense, finds its way into the price paid by 
the consumer. 

It was objected in the course of these hearings that 
the interest of the general public in the proposed ad- 
vances was but slight, since the additional transporta- 
tion charge as applied to a single article would be prac- 
tically negligible, but the deduction sought to be made 
from this fact cannot be allowed. Whatever is added 
to the net revenues of these defendants must be paid by 
ome one. <An increase of 1 cent per ton in the rate 
of transportation would hardly be perceptible in case of 
any commodity, and yet 1 cent per ton upon the total 
tonnage of the railroads of the United States, as shown 
by the returns to this Commission for the year 1909 
would amount to $8,264,927, which forcibly illustrates 
the necessity of scrutinizing every advance, no matter 
how slight. 





This Commission must stand for the entire public, in- 
cluding the railways. It cannot accede to the mere wish 
of any class; it must recognize the just demands of all 
classes; and it must have in mind those who do not 
appear as well as those who are represented before it. 
The Effect of Increased Freight Rates in 

Stimulating Business. 

A somewhat different question is presented by those 
who urge that to permit these advances in freight rates 
would immediately stimulate all kinds of business. The 
assumption appears to be that business conditions are 
unsatisfactory, and that some special effort is necessary 
to restore satisfactory conditions. 

The thought seems to be that to permit these ad- 
vances would induce larger expenditures in the main- 
tenance of our present roads, and would lead to exten- 
sions and improvements which would in turn employ 
additional labor, put into circulation additional money, 
and thereby improve general business conditions. 

So far as such expenditures are legitimate, they ought 
to be encouraged. Necessary extensions and improve- 
ments should be made, and the treatment of our rail- 
roads by the public should be such as will inspire that 
confidence in the investing public necessary to obtain the 
funds for such additions But to the extent that an 
artificial impetus might be given to railroad building and 
kindred industries, the effect would be in the -end 
baneful, even though the temporary result might seem 
beneficial. : 





( 


It appeared upon this hearing that the freight tonnage 
of 1907 was larger than ever before, that this led to 
an unprecedented demand for railway equipment and 
railway supplies, and that factories were then provided 
to meet this demand, which cannot now be fully 
utilized. It was admitted by the representatives of sup- 
ply houses that the productive capacity for railway 
equipment and supplies much exceeded that required for 
the ordinary upkeep of our railways, and that these 
facilities could only be utilized to their full and most 
profitable extent in case additional railroads were con- 
structed and additional equipment required. We ought 
not to impose upon the public rates, otherwise unreason- 
able, for the mere purpose of temporarily providing 
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business for these factories, even though the effect 
might be to stimulate, for the time being, other kinds 
of industry 

Is an Increase in Rates Necessary to Make 
Railway Bonds Salable? 


We are told that this increase in rates is nece 





ary 
to maintain the credit of our railroads, and this claim 
has been made by high authority and with much in- 
sistence. It is said that our railroads owe at the present 
time large sums which are being carried upon short-time 
paper and which should be converted into funded in- 
debtedness; that other large sums must be had in the 
immediate future for necessary extensions and improve- 
ments; that the money for these purposes should come 
largely from foreign investors, since the rate of interest 
in England and upon the Continent is lower than with 
us, but that, at the present time, there owing to 
the treatment of our railroads by the nation and by 
the various states, a feeling of distrust which has im- 
paired the selling qualities of their securities, and which 
should be removed by a decision of this case in th 
favor. 

It may be admitted that it is for the interest of the 
general public, < 











well as the railroads, that their 
funded debt should bear as low a rate of interest as 
possible. A very considerable part of the saving to 
railway companies in recent years has come from a re- 
duction in the rate of interest paid. In 1895 the average 
rate paid by all the railroads of this country was 4.69%; 
in 1909 this figure had been reduced to 3.90%, and the 
saving computed upon the indebtedness of 1909 repre 
sented by this decrease in the rate of interest would have 
amounted to $77,000,000 


This record does not indicate that railway credit has 
been impaired It does appear that it is impossible to 
sell a 4% bond at the same price to-day which the 
same bond would have brought ten years ago; but this 
by no means shows that the reason for the reduced 
price is want of confidence in the security A municipal 
bond, into the value of which the quality of the security 
does not enter, sells in the year 1910 for a materially 
lower price than the same bond brought in 1900. The 
price of a railroad bond is better to-day, as measured 
by the price of a municipal bond, than it was ten years 
ago, and this would indicate that in the last decade the 
credit of our railways had gained, not lost. 

As to conditions abroad no reliable information is 
before us. Whatever unfavorable impression prevails is 
due largely to the activities of the railroads themselves 
Never before have the net earnings of the railroads of the 
United States equaled those,for the year 1910, estimated 
on any basis. Never before has the gross amount paid 
in dividends been as large as in the year 1910; and yet 
in the face of this unparalleled prosperity the press both 
at home and abroad has been filled, through railroad in- 
fluences, with dire forebodings of coming disaster. If 
railroad credit is still sound, either at home or abroad, 
it is not because of but in spite of the declarations of 
railroad operators. 

We have an impression that the trouble with American 
railway securities in foreig 





n countries has been in the 
past, and may be to-day, not too much Government reg 
ulation, but rather the want of it Practices like those 
which have disgusted the foreign investor with American 
railway stocks and bonds in many instances would have 





been impossible under proper governmental supervision 
When the foreign invest understands that no dollar 
of stock or of bonds can be issued without the sanction 
of the Government and tliat every dollar of the proceeds 
from the sale of stocks and bonds must be invested in 
the property 1inst which his security stands, his confi- 
dence in the American railway list will be increased 
rather than diminished. 

But, however all this may be, a fundamental economic 
fallacy underlies the proposition that we should permit 
rates otherwise unreasonable for the purpose of bolster- 





ing up the credit of our railways. It would be much 
better for the Government to guarantee these bonds than 
to permit the people and the industries of this country to 
bear the burden of unreasonable transportation charges 
Does the Increase in Railway Employees’ 
Wages Justify an Advance in Rates? 

The carriers in this proceeding seek to justify the 
proposed advances by showing an increase in cost of 
operation due to certain increases in the wages of their 
employees. The item of or makes up nearly one-half 
the total cost of the operation of a railroad In the 
spring of 1910, consequent upon the demands of various 
labor organizations, wages were generally advanced in 
Official Classification territory. These advances were 
not uniform in all classes of labor, nor upon all lines, 
but they aggregated from 5 to 8% of the pay rolls of 
most of the railroads involved and were therefore very 
substantial in amount. 

There are 41 principal operating companies in the 
territory involved Taking the 41 railroads together, 
the increases in wages for the year 1909 would have 
amounted to nearly $35,000,000, while the additional 
revenue from the proposed advances would only have 
been $27,000,000. 

The defendants, or some of them, insist that upon that 
showing and without further inquiry we ought to suffer 








the advanced rates to take effect Individual rates 
might be attacked by individual shippers, but the propo- 
Sition that a general advance might be made has been 
established. 


It seems apparent that the carriers have not, by show- 





i that the increases in wages more than equal the in 
creases in rates, made out the reasonableness of the pro- 
posed advanced rates. During the year ending June 30 
1910, the net earnings of these railroads aggregated $51,- 
600,000 more than during the year 1909 If, therefore, 
the entire advances in wages had been in effect during 
the whole year of 1910, instead of during a few months 
in the spring of that year, the net earnings for 1910 
would have exceeded the net earnir 





s for 1909 by 
$16,000,000 Thi s not conclusive against the propriety 
of these advances, for the earnings of 1909 may have 
been too small or the causes which contributed to the 
greater net earnir 





s of 1910 may not be permanent in 
effect; but it does show that we cannot conclusively 
presume from an increase in operating expenses that 
there should be a corresponding increase in transpor- 
tation charge It is the net, not the gross, which we 
must consider. 


What Is a Reasonable Railway Rate? 
rhe question, then, is, To what net earnings are these 
arriers properly entitled? The courts have often said 
that a public-service corporation is entitled to a fair 
return upon the value of its property being devoted to 


he public service. While this languag 








has been used in 





nection with proceedings to determine the point 





low which the revenues of public-service corporations 
may not be 





ed by legislative action, it states a rule 








of gene application 3oth the value of the property 
and what is a fair return upon that value must be con- 
sidered. 

Some states have uthorized and even instructed their 
railway commissions to put a value upon the property 
of railways operating within their borders In some in- 
stances the elements to be considered in determining 
hat value have been prescribed by statute, and the 
effect of the valuation when made is indicated. This 
Commission has no such authority Nevertheless we 
must have a general notion of the value of the proper 
ties of these de 





fendants and must form an idea of the 





elements w h should properly enter into the determi- 


nation of that value. 





Here we have tl! benefit of the judgment of the Su- 
preme Court of the United States In Smyth v. Ames, 
169 U. S., 466, that court had before it a statute of the 
tate of Nebraska fixing certain maximum freight rates, 


n being whether those rates were so low as 





of the fourteenth amendment. In dis- 
tely considered the 
to a reasonable rate. The law as there 


been qualified 





ase the court elabora 





We hold, however, that the basis of all calculations as 
to the reasonableness of rates to be charged by a cor- 











oration maintaining a highway under legislative san 

tion he fair value of the property being used 
by it for onvenience of the public And, in order 
to ascertain that value, the original cost of construction 
the amount expended 1 permanent improvements, the 


amount and market value of its bonds and stocks, the 
present as compared h the original cost of construc- 
tion, the probable ea ipacity of the property under 
particular rates pre by statute, and the sum re- 
quired to meet rating expe are all matters for 
consideration, re to be given such weight as may 
in each ise We do not say that 
other matters to be regarded in est 


f th r 
yi ne 











While the court enumerates the factors which should 





letermining of the value of the 
property no attempt is made to assign any definite value 
o these different factors, and counsel who have argued 
this case both for and against the advances are hope 
essly divided upon th point. We may point out hers 
the extent to which the present record contains informa- 
tion upon each of the various elements of value em- 
braced in the above e 





umeration by the court 
The first two elements—original cost of construction 





rmanent improvements—may be considered to- 





Carriers are now required to state in their statistical 
returns to the Commission the cost of their properties. 
If this account were correctly kept it would show the 
money expended from the first in building and equip- 
ping the railroad 

In point of fact, this item is not reliable. The present 
railroad systems in Official Classification territory have 
usually been formed by the combination of a large num 
ver of smaller railroads, which were built as_ inde- 
pendent properties The Baltimore & Ohio system, for 
example, embraces more than 100 properties which were 
pendent The only information which the 





yriginally inde 





present tem has of the original cost of construction 
s that derived from the books of the various companies 
which have been absorbed These books were seldom 


curately kept and often represent as money what was 
in fact, something else. The beginnings of this account 
therefore, are very imperfect and unreliable. 

Were it possible to determine the exact amount of 
money which has been put into these properties, the 
amount of return which has been paid up to the present 
time, the degree of prudence with which the property 
has been constructed and operated, certainly the invest 


ment would furnish a very satisfactory basis for arriving 
it an equitable return But these facts never can be 


determined with accurs We can not know even the 








actual amount of money which has gone into these en ' 
terprises from outside sources, nor the return which has 
been paid upon it, nor whether reasonable diligence was ' 
exercised in the investment or in subsequent manage- : 
ment Disaster may have come upon it, for which the 
public ought not to stand accountable. This factor must ’ 
be more or less controlling, according to the circum 

stances of each individual case 

The Rights of Investors in Railway 
Securities. 

The third factor named by the Supreme Court is the 

imount and market value of the stocks and bonds rh 

information in be obtained with great accuracy, cov 
ering both the present and a considerable number of 
years, but no counsel in argument has attached any im 
portance to the information when obtalned In this feel 

ing we do not altogether share It seems to us that 
the price at which these stocks and bonds sell may be 
a matter of some significance in determining the amount 
which the railroad should be allowed to earn 

We are not fixing the value of a collection of ties and 
rock and steel rails, but of a railroad equipped and 
doing business What is that railroad worth as a rail 
road for the transaction of a railroad business? : 
Most of the great systems in Official Classification ter ' 
ritory have existed in substantially their present form : 
for the past 25 years While there is to-day no compe- ; 


tition worth the name in the railway rate, and while 
there never will again be such competition, this has not 
been true of the past Originally there was the most 

active competition in the rate of transportation by rail, 

and these tariffs, especially in Official Classification ter- ’ 
ritory, are largely the product of that competition 

There is a strong presumption that rates so arrived at 

are reasonable rates Now, the market value of the 
stocks and bon 





s of each of these carriers represents 
the sum which that property will bring in the open 
market. 


There is another aspect in which this stock and bond 
factor is important The Government has invited pri- 
vate capital to invest in the construction and operation 
of these public utilities While it might have estab 
lished the rate, it has left that to competitive forces 
We are told upon the hearing of the extent to which sav 


I 





banks and insurance companies held the securitie 
especially the bonds, of these railways We know that 
private investors have bought, not for speculative pur 
poses, but as a legitimate and permanent investment 
large amounts of the stocks of many of these companies. 

Now, this Government having permitted this to be 


done can not close 


its eyes to the fact that it has been 
done. We can not be oblivious to the effect of our a 
tion upon the value of these investments, which have 
been made in good faith. In this view the market value 
of these stocks and bonds for the last 10 years cer 
| and the effect which our action may have upon 
market value for the future, must be considered 
We can not, of course, 








a 





low such rates as will in all 
ises guarantee or perpetuate the prices at which these 
stocks have been bought, but in viewing the entire sit 


uation we should have that price in mind 
Physical Valuation of Railways. 
The next item named by the Supreme Court is the 


present cost of reproduction This is undoubtedly a fa 


tor of great importance ir 








determining the value of the 





railroads of this country, upon which earnings may be 
legitimately demanded The ourts have repeatedly 


recognized this in their decisions touching the rates of 
vlic-service corporations Many states have authorized 
physical valuation of their railroads tn this view. This 






Commission has several times urged Congress to take 
teps looking to such a valuation, but up to the present 
time this has not been done 

It was insisted upon the argument that this was the 
only test of value entitled to serious consideration, and 
we were urged to postpone our determination of these 
questions until such valuation could be made In view 
of the fact that the Supreme Court has not yet ap 
parently held that the present cost of reproduction fur 
nishes the only measure of value, aud especially in view 
of the refusal of Congress to act upon the suggestion 
of this Commission by taking steps to procure such val 
uation, it would seem to be our duty to proceed wit 
the disposition of this case as best we can upon the 
present record. 

The last item is ‘‘the probable earning capacity of 
the property under particular rates prescribed by statute 


ind the sum required to meet operating expenses, wh 
means, information necessary to determine the net rev 


enues which will accrue from the application 


rates. 


of par 





nformation the Commission has 
The foregoing are the factors which, in the opinion 


the Supreme Court, are to be weighed in determining the 





value of these properties for rate-making purposes. WI 
is remembered that informatio upon one and per 





haps the most important of these heads is entirely lack- 


ing, that the Supreme Court itself ha not attempted 


to assign a particular value to any one of the above 
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factors, which mu be ombined to produce the re- 
sult, that counsel ter the most ireful consideration, 
both of the law and of the economic and social problems 
which unde e t subject ire hop ssly divided a 
to the itive tance of these respective item it 
N be en that anything like a mathematical conclu 
sion « or which a definite reaso in b i gued 
m ble 
We the I tory of tl propertie 
rom a ns on of all the facts before us, 
I rough tion of their value for railroad pur 
Ose A par of that ame ing y we must form 
ome 1 of the rate of return to which the property 
of these irrier entitled 


In discharging our duty to say whether these partic 


ilar rates which the carriers propose to establish are 


just and reasonable we must determine in a general way 








\ t a fair return would be 

It id long has been the settled doctrine of 
our that the railway highway The 
iir an rom those dec that the Govern 
ment may, through the states Nation, if the Fed 
eral Constitution be broad eno ynstruct and oper- 
ite these public utilities, or delegate that duty 
to private individuals In ise the railroad operated 
by private capital, the Government. may prescribe the 











rules under wh the publi e shall be discharged 
d the rates which all be charged for that service, 
subject to the constitutional limitation that the private 


property shall not be deprived of a due return 


Outside the United States a majority of railroad mile 
age is to-day owned and operated by the Government 
It has been our policy from the first to delegate this 
duty to private individuals, and in th way a vast 


amount of private capital has been induced to invest in 


railroad cor 
Now, the 


truction and operation. 


ordinary 


-onsiderations of justice require that 





tl money so invested by invitation of the Government 
should be allowed a fair return This does not mean 
that we should permit rates which will guarantee all 


} 


railroad investment, 
road investment at 


which will guarantee any rai 





we should allow rates 





which will yield to is large a return as 
it could have obtained from other investment of the 
same grad If rates formerly in effect have become 


nsufficient, ther 


higher rate sh 


Our railroads must be maintained in a high state of 








efficiency This the public interest demands. Comme 
and industry can not afford to wait on transportation 
facilities Our rates should be such as to render possi 
ble a high-cla no in extravagant service. 

It is genera that within the next few years, 
if our means of tré vortation by ra:l are to keep pace 





with the call upon them, very large sums must be 








expended in the way of n onstruction and new 
equipment While some small portion of this may come 
from current earnings, the great bulk must be new 

vital Thi ‘apital must be obtained from the in- 
vesting public If, therefore, we are to rely in the fu- 


ture, as we have in the past, upon private r 


enterprise 


ind private capital for our railway transportation, the 
must be such as will induce the investment It 


justice, but in the 


return 


is therefore not only a matter of 





truest public interest that an adequate return should 
be 1 upon railway capital. 
At the ame time railway rate in the final 





inalysis, a tax laid upon nearly every species of prop- 


every sort of activity, and there 





ther kinds of property should be 


irticular species of property an 





truisms; the real inquiry is, How 


much! Upon what considerations can we determine the 
t 


figure w *h is necessary to do justice between the pri 











vate capital operating our railways and the public using 
those rsilways? 
The element of risk is less here than in most indu 
trial operations In private ent se there is continual 
of competition No matter how well established 
the business, nor how profitable the re.urn, 
there is always the hazard that some oth icle may 
take the place of the one produced, or that some other 
factory may produce the ime le at a leas price 





existence of the 
return 


‘competition imperils the 





as well as the annual 


No such consideration enters into the business of the 





railroad, er not of these railroads before us. The 
main line of railroad in Official Classification territory 
have been nstructed, and there is but little danger to 
e apprehended from the construction of new 

rt 1ust be extensions and additions, but these 





with the present 


but little 





competition in the price at whic 








t nodity produced by these railroads, viz, trans- 
portation, is sold; that is, in the rate This was not 
’ 0 Ir he past the violent competition 
n railway rate is prevailed, and this competition has 
orte one to the point of inperiling the financial in 


ity of great railroad 
of the The law 





ystems; but all that is a thing 


past itself practically forbids it, 


if it 


were permitted by law it is inconceivable that the 
former years would recur. 

What business can be attractive to the investor 
than this, in which no rival is to be apprehended, where 
and 
business is 


practices of 
more 
the amount of business is assured, 
transaction of that 


fundamental law of the land. 


where the price 


for the protected by the 


All this has long since ref} f 


ted itself in the prices of 
high-grade, 





railway securities. Ten years ago a 
like the 344% New York 
sold at | To-day, 


increase in the rate of 





bond 
mortgage 
parently to the 


railroad 
underlying 


time 





owing ap- 
interest a similar 
bond, in order to bring par, must bear a rate of 4%, or 

ali 





tly more These railroad bonds command 


local 





a price when no question of taxa- 


is do municipal bonds. 
railroad 


controlled by the 


stocks in the past has not been 
that of rail- 


largely the subject 


same considerations as 


road bonds These stocks have been 
ition and the prices 


other considerations 


of specul have been 
mere rate of 
Official 
construction and 
lroad 
e of the 
who can operate his properties 
illy and most satisfactorily 

Under the conditions of the future, 
at least the 


determined by 
dividend. 
Classifi 


than the 


These conditions are changing In 


ation 


territory the day of railroad railroad 





is given place to that of ra 


railroad 


opera- 


essful 


1 
The suc 





masr 


future in 


this territory will be he 





st economic 
railroad 
railroads 


stocks, or 
stocks of these 
their 


to assume more the character of an investment 


before us, are 
and 
To-day 
stock sells for slightly 
ling to conditions 


preferred 


bound to lose much of speculative character 
% non-cumulative 
slightly 


present 


ao preferred 
more or 
At its 
the Baltimore & 


probable that any 


less than par, accors 


market value the 4% stock or 


414% It 


Ohio yields a return of 


about 


seems lroad stock which 





was cer- 
} 


tain to pay a dividend ° year after year wouk 


sell readily at par. 


fee? ’ 
issue. } 


{Concluded in our next 





-_— ——— 


A Steel Arch Bridge to be Built Over the 


Panama Canal Cut at Empire. 

Zone indicate 
arch bridge of rather large size will be 
the 


two 


Recent from the Canal 


that a 


built to replace 


reports 
steel 


present suspension br 





(built 
in our issue of Dec. 16, 


Empire years ag 
1909). 
imple for light 
considered to be a 
any 


ago, as described fully 
While the suspen- 
traffic, 


structure, 


sion bridge is readway 
it is not 
and in 
The Commission des 
the Panama R. R. 
A Board of 


consider the 


permanent 
carry railway 
provide 


case cannot trains. 





res to for carrying 
this 


recentiy to 


over the canal at 
Engineers was appointed 


point 


bridge; its 
Record” of 


subject of a permanent 
report is abstracted in the “Canal 
Feb. 8, 1911. 

The Board composed of 
Hodges, Lieut.-Col. D. D. Gaillard, H. H. Rous- 
seau, J. A. Smith and Lieut. Frederick Mears. 
The general conclusions reached were that a per- 
manent bridge over the 


was Lieut.-Col. H. F. 


canal eut at 
and that bridge 
fixed high-level bridge. The clear- 
ance height to be provided was not decided upon 
definitely, but the Board found that 
150 ft. 
therefore 


“empire is 
and 


should be a 


necessary desirable, such a 


a least clear- 
ance of is needed by existing steamships, 
ind selected a clearance height of 175 
ft. as sufficient for purposes of estimate. 

The of the 
very site 


location new bridge would be at or 
the of the present 
bridge, preferably either just north or just south 
of the latter. The cross-section in this neigh- 
borhood,* has the following features: Surface 
width of canal, 309 ft.; width over berms, 400 ft.; 
width at top of bank about 500 ft.; height of 
bank about 100 ft. The present suspension bridge 
is substantially at the level of the top of bank, 
and its towers stand about 50 ft. back of the 
the being 600 ft. c. to c. of towers. 
The clearance height of the bridge floor is only 
106% ft. maximum lake level (El. + 87) 
on which recommended clearance of 175 ft. 


near suspension 


edge, span 
above 
the 

is based. 
The Board made designs for a cantilever bridge 
ind for a plate-rib arch bridge. Both designs 
provided for a 16-ft. railway width, a 16-ft. high- 
way width and foot-walks, standard loadings be- 
these sections. The 


ing assumed for various 


Board expressed a preference for the arch de- 
sign; while perhaps more difficult to erect, the 
rch would offer less exposed surface requiring 


and would be a 
structure. The 


painting, 
factory 


stiffer and more satis- 
cross-section indicates 


*Shown by a diagram of the suspension bridge, Eng. 
News, Dec. 16, 1909, p. 660, Fig. 2. 


that an 
mately 


arch would require a 
500 ft. in order to 
height over 
deck 


span of approxi- 
maintain the 175-ft. 
full width of the 
100 ft. above the 


clearance the 


canal; its 


would be Gd to 


ground level immediately adjacent to the canal 
excavation. Any difficulty in securing a good 
foundation for the abutments would doubtless 


mean increased span. 
that 


should 


However, the Board recom- 
mended final selection of design or type of 
details not be made until 
parative estimates have been 


complete com- 
made. 


ee 


A Dry-Weather Slide at Culebra. 


The geologist’s report on 


Culebra Cut of the 


landslides at 
Canal 


the 
which we 
finds an interesting 
Feb. 9. This was 
a dry-weather slide, as the season has been un- 
usually dry for a month or more (less than 4-in. 

Dec. 27, 1910), and the 


was in consequence 


Panama. 


ago* 


printed a few weeks 


supplement in a large slide on 


of rain since 
the slide 
dry. 
was 


material! of 
perfectly 
Also, no local disturbance by blasting, ete., 


the active c 


almost 
iuse, for the only blasting done 
in the neighborhood of the slide for ten 

amount of mud-capping. 
de is described in the “Canal Record” of 


months 
past was a small 
The s 
Feb. 15: 
About 





he night of Feb. 9, a 


‘anal 1,100 ft. in 


section of 


length, opposite 





broke away and 
for a distance of about 30 ft., 
below it on the 1535-ft 


material west 





level, 





berm and all 


ally his 


of it up to the pioneer dr: 





nage cut, which was almost 
ompletely closed The berm on the 135-ft. level, below 


1e break. varied in width from 


ibout 20 ft. at the south 





end to 100 ft the middle of the break, and 45f ft. on 
the north limit of the break All loose or broken ma- 
erial lying above this berm had been entirely cleared 
away by steam shovel only a few days previously 
The entire amount of material in motion aggregates 
about 550.000 cu. vds of which about 5.00 cu. yds 
iv outside of the theoretical slone of the Canal and about 


175 0%) cu. yds. within the theoretical limit of the 
material now in motion, 


trom 50,000 to T5.000 eu vds 


Canal 1ddition to the 


of moving 








will have to be removed from the upper level on the 

east bank, connecting the shovel cuts thus made with 
the old French {0)-meter level 

A steam shovel, a coal train with its locomotive, and 

two trains of Lidgerwood flats without locomo‘ives, 


were caught in the slide, but: all have heen extricated 


All four of the tracks east of the center pioneer cut were 


earried away, but two of them were restored and ready 
The 
installed to the north, 


e from this 


for operation of trains Friday afternoon pioneer 


cut was filled up, but a pump was 


and, it is expected, no inconvenien source will 
be experienced 

The 550000 cu. yds 
added to the 


10 


estimated for the slide of Feb. 9 
that have occurred 
eed the total of 6,104,000 cu. 
slides in the 


total 


vardage of the slides 


since July, do not ex 


yds. allowed for Central Division in the 


that time; 


revised estimate of excavation made at 


nor will the added excavation increase the estimate of 
cost of excavation in the Central Division made in 
October, 1908 i 


The description makes it seem likely that this 
slide the “Structural breaks” 
the geologist’s report already men- 
Crushing of the weakest stratum, at 
the lignite or lignitic clay stratum, oc- 
when the superincumbent weight 
to the stratum’s limit of strength. 
remarked: 


This tyne of slide has occurred 
tween Empire and Gold 
the immediate cause appears to be the 
nite bed under the unbalanced pressure 

vation . . . the obvious prevention is 
pes sufficiently low 


Related to this matter is the news that on the 
opposite (west) bank of the Canal, cracks in the 
ground have appeared under and near the hotel 
at Culebra, and part of the hotel will be taken 
down and removed. The increasing depth of the 
Canal excavation apparently is taxing the crush- 
ing resistance of the weaker strata here also. 


belongs to class 
noted in 
tioned. 

Culebra 
curs 


increases 
The geologist 


at various 
Hill, and in 


points be- 
nearly every case 
failure of a lig- 
due to the ex- 
in making the 
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THE POPULATION OF THE MASSACHUSETTS MET- 
Census of 1910, 
858,170 by the U. S. 
the State Census of 1875 


ropolitan District, 
1,378,455, as 
Census of 1890 
The 1910 total includes 
alone, 536,206 for 12 


according to the U. S. 
was compared with 
and 595,482 by 


B7O5 





population for Boston 

other and 171,644 for 17 

miles of the State House). 

The six cities and eight towns contiguous to Boston have 
o7 


a total population of 427,218, thus making, with Boston, 
a total population of nearly 1,100,000. 


cities 


towns (all within ten 


*Eng. News, .Jan. 5, 1911, p. 21. 
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The Invention of the In ersoll Drill and A PREMATURE BLAST of dynamite in a stone quarry ore the Sub-( t t 
g r Li ln, Neb., Feb. 24, killed iree men who were 1 Appr t t j } 
Cameron Pump. gaged in charging the hol ean aa $350,000 for 1 
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A TRAIN FELL FROM A BRI the American 
Braden coppe mine : Cl Reports state 
tha he tra made up of eight car fell to the bottom 
of the ray 150 ft. deep, wt 1 was spanned by the 
bridge In e of the cars were SO iners, and of these 
18 were killed The other rs ¢ train were loaded 
Ww ement 

*Preside of the |] rsoll-Rand Co 11 Broadway, 
New York, N. Y 
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Engineering Societies. 
COMING 
CANADIAN MINING 
March 1-5 Annual 
H. Mortimer Lamb, 
‘ANADIAN CEMENT AND CONCRETE 
Mareh 7-9 Annual convention at 
Wm. Snaith, 57 Adelaide St., East, Toronto, Ont 
SNGINEERING SOCIETY OF WISCONSIN. 

March 8-10 Annual meeting at Madison, Wis. Secy 
W. G. Kirchoffer. Vroman Bldg., Madison, Wis. 
AMERICAN RAILWAY ENGINEERING AND MAIN- 

TENANCE OF WAY ASSOCIATION. 
March 21-25 Annual convention at 
Seey E Fritch, 962 
Il 
AMERICAN ELECTROCHEMICAL SOCIETY 
April 6-8 Annual meet at New York City. 
Jos. W. Richards, Leh University, South 
hem, Pa 
INTERNATIONAL RAILWAY FUEL 
May 15-18 Annual meeting at 
Secy., D. B. Sebastian, 721 La 


Il} 


MEETINGS 
INSTITUTE. 
meeting at 
Windsor Hotel, 


Quebec, Que Secy., 


Montreal, Que 
ASSOCIATION 
Toronto, Ont. 


Secy., 


Chicago, 
Monadnock Block, 


Ill. 
Chicago, 
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Mo., Feb. 23-25. The League 
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noted in Eng. News, May 19, 1910, p. 508. 
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Brake Instruction 
Brake Cylinders and 
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Leonard; F Stresses in 
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Recommended Practice, S 
of New and Worn Brake 
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Trains, S. N. Draper 
AMERICAN 
Society’s 


Concrete 
Minn 
Paul, of 
ment Charles 
“Cast 
rete Construction in 
Building Inspecto “Con 
Lindau, St. Louis, Mé 

ASSOCIATION.—The 


coming 


Minneapolis,’’ James 


Houghton, 


rete Highway 


subjects to be 
i 


have 


con 
May 
been 
Air 
g (Chairman) 
Wahlert; Ade 
a John P. Kelly; 
Brakes, W. P. Hunt 
Without Lubricant, Lin 
Brake Parts, Geo. O 
ake) Equipment, W. V 
Iron Pipe J R 


G. Down 


convention at Chicago 


ymmittees to report thereon 
utive 
Rating, 
Connections, H. A 
tor Fre 7 


Locomotive 


by the committee as 


Thos. Cle: 


follows: 


quate 
Cost 
ley; 


Triple oln 
iber Gear 
(air br Tur 


ner; iT Vv Alexander; 


ipe 
(Chairman); Frie 
New and Worn 
Breaking-in-Two 


tion Shoes on 
Williamson; 


and P. J. 


Cast 
of Langan, 
SOCIETY 
excursion to Panama 
of the United Fruit Co 
York City. A se 
March 4, 
March 9. 
Those who sail 


es 
} 


sailing 
New 
Orle 


from 
New 


Pan- 


ond from 


ins both parties being Colon, 
ama, 
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ibout 90 per 


sons) are listed below: 


Mr. and Mrs. George G 
R. Adams, Washington, C.; r. a 
Andrews, Albany, N. Y.; Mr. and M1 A. B 
Detroit, Mich.; Mr. N Brown, Pittsburg, Pa 
E. Bacon, Providence I.; Mr. H. W. Ballou 
dence, R. I.; Mr d Mrs. Dexter Brackett, 
Mass.; Mr. W. F. inger, Philadelphia, Pa.; 
W. Bramwell. New York, N. Y.; Mr. and Mrs 
Burnham, Philadelphia, : Mr. E. W. Bush 
Conn.; Mr. S. K lapp, West Shoken, N 
Mrs. E. W. Crellin, Pittsbirg, Pa I 

R. 1.; Mr. H. Crosby 


penter, Pawtucket, 

Y.; Mr. H. J. Deutschbein, Alban : Re. Soe 
Dean, Boston, Mass.; Mr. and Mrs Eddy, Boston 
Mass.; Mr. Fred Edwards, Troy. N. Y.; Mr. and Mr 

H. Foster, New York, N. Y.; 

ton, Mass.; Mr. Henry Floy, 

M. Green, Springfield, Mass.; } 

ton, Mass.; Mr. and Mrs. J. L 

N. Y.; Mr. W. K. Hatt, Lafays 

E. Y. Hutchinson, Pittsburg, Pa.: 

New Paltz, N. Y.: Mr. J. P. Hogan 

Mr. D. W. Howes, New Paltz, N 
George B. Harris, Newark. N. J.; i 
T. Horton, Chicago, Ill.;: Mrs. C Hunt, } 
N. Y.; Miss Alice R. Hunt, New York, N. Y.; 
A. Ingwerson, New York, N. Y Mrs. 
Jarvis, New Britain. Conn.; r n. B 
Schenectady, N. Y.; Mr. F. R 
Mrs. M. A. Lanagan, 


; Mis 
Horace 
Atwater 
mr. a 
Provi 
Boston 
Mr. G 
George 
Saybrook, 


Mr. and 


Anderson. Denver. Colo 
D.C Mr Mrs 


Ge 


New York, N 


and 
Hopson, 
Falls, N. Y.; 
and Mrs 
George 
York 
Mr. H 
Chas M 
Landreth 
ig Albany, N. Y 
Albany. N 4 Mr. G. W. Lath 
rop, Providence. R. I.; Mr. W sewis, Hyde Park, 
Mass.; Mr. A. V. Lucas, Mt. V n 3 ae Mr. Chas 
R. Main. Boston, Mass.; Mr T. Main, Boston, 
Mass.: Mr. and Mrs. R. P. Mil Ne York. N. Y.; 
Mr. W. M. Marple, Scranton, Mr. E. H. McHenry, 
New Haven, Conn.; Mr. F. P <ibben, South Bethle 
hem, Pa.; Mr. W. E. Mott. ‘e, Fh.s. Ee Fe 
McEwan, Albany, N. Y.; ; A. Mead, Upper 
Montclair, N. J.; Mr. J. A. Norcross, New Haven, Conn.: 
Col. D. C. Poole, Detroit, Mi Mr. J. H. Poole, Detroit, 
Mich.; Mr. R. S. Parsons, Nut mm. £5 oe. ee ee 
Page, Springfield. Mass.: } and Mrs. J. W. Rollins 
Boston, Mass.; Mr. R [ ( Niagara Falls, N. Y.; 
Mr. C. C. Re serar Mr. and Mr We 
Rickey, Massena, N ] J. Rannells, Little Hock 
ing, Ohio: Mr. G. W. Ore Mr. R. S 
Suydam, Pittsburg, Pa.;: ith, Olive Bridge 
N. Y.; Mr. and Mrs. W oledo, Ohio: Mr 
F. N. Sanders, Albany, N : Skinner, Roches 
ter, N. Y.; Mr. and Mrs. A. E. Turner, Philadelphia, Pa.: 
Mr. C. E. Turner, Rochester, N. Y.; Mr. and Mrs. Will 
iam H. Wiley, Washington, D. C.: Mr. W. O. Welling 
ton, Cambridge, Mass 
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